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HAECKER (92) and Riickert ('95) have made known the 
interesting fact that the germ nuclei of Cyclops do not fuse 
but preserve their individuality throughout a considerable por- 
tion of the cleavage of the egg. Herla ('93) and Zoja ('95) 
have shown that the paternal and maternal chromosomes of 
Ascaris remain distinct at least as far as the 12-cell stage. 
These observations are of the greatest significance and, so far 
as they go, establish Boveri’s hypothesis ('91), ‘that in all cells 
derived in the regular course of division from the fertilized 
egg, one-half of the chromosomes are of strictly paternal’ 
origin, the other half of maternal.” So far as I am aware, 
similar observations have not hitherto been made in the case 
of other animals.! 


1 Riickert calls attention to the fact that partially cleft nuclei are found in 
the figures of various authors, particularly those of Fol ("79) on Toxopneustes, 
of Bellonci ('84), and of Kélliker (89) on Siredon. Of course no one of these 
observers has interpreted these figures as showing the independence of the germ 
nuclei, and some of the figures referred to by Riickert probably do not show this 
phenomenon. For example, only one of Fol’s figures (Pl. VII, Fig. 7) shows a. 
dual nucleus, while the figure in Kélliker’s text-book (Fig. 36) is probably a case 
of the indentation of the nuclear membrane opposite the centrosomes in the early 
prophase, a thing which frequently happens. Bellonci’s Figs. 1 and 20 show an 
indentation on one side of the nucleus which may correspond to a division between 
the germ halves, though this must be regarded as more or less doubtful. 
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Cytoplasm 


Fics. 1 and 2. — Prophase and Metaphase of First Cleavage. S.NV.=Sperm Nucleus. 
Ch. = Chromosomes. S.=Sphere. C. = Centrosome. 


Lobe 


Fics. 3 and 4. — Anaphase and Telophase of First Cleavage, showing dual nuclei, centrosomes 
(C) and spheres (5), “‘ Zwischenkérper ” (7), bending of spindle axis, and progressive absorp- 
tion of yolk lobe 


L 


Fics. 5 and 6. — Prophase of Second Cleavage, showing dual nuclei with central spindle lying in 
groove between the halves; Fig. 5 viewed from one side, Fig. 6 from animal pole. The 
spheres (S) lie over the nuclei and immediately under the cell wall; the spindle axis is bent 
on itself, and the ‘‘ Zwischenkérper” (Z) is carried nearly to the vegetal pole; the nuclei 
shows processes projecting toward the ‘‘ Zwischenkérper,” and the yolk lobe (Z) is almost 
completely absorbed. 
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In Crepidula plana I have observed a separateness of the 
germ nuclei in certain stages of the nuclear cycle which is of 
such a character that it may lead to the discovery of similar 
phenomena in other animals. This separateness is most easily 


QN 


Fics. 7 and 8. — Anaphase and Telophase of Second Cleavage. Fig. 7, an abnormal egg in 
which the left half has divided normally and the chromosomal vesicles of the daughter-nuclei 
are fusing; in the right half the division figure is double with four spheres and two groups of 
chromosomal vesicles which have not fused; there are thirty chromosomal vesicles in each 
group. Fig. 8, a normal egg showing the egg and sperm constituents in each of the 
daughter-nuclei. 


FG. 9. — Telophase of Second Cleavage; centrosomes, spheres, and nuclei rotating in direction 
of arrows. 
Fic. 10, — Anaphase of Third Cleavage. Egg and sperm constituents of nuclei indicated. 


observed in the telophase of each division, though in some 
cleavage cells it may be seen in the prophase also, or even 
throughout the resting period. At the time when the daughter- 
nuclei are being formed the chromosomal vesicles fuse into two 
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groups which are closely pressed together but are still separated 
by a partition wall (Figs. 4, 8, e¢ seg.), as Riickert has shown to 
be the case in Cyclops. Gradually this partition wall dis- 
appears, being preserved longest on that side of the nucleus 
nearest the centrosome (Fig. 5). Here a groove is formed 
on one side of the nucleus which marks the line of contact 
between the two halves. In some cleavage cells this groove 
is visible throughout most of the resting period (Figs. 4, 9) ; 
in others it disappears during the greater part of the resting 
period, though it may reappear in the following prophase 
(Figs. 5, 6); in all cases, however, the partition wall and groove 
reappear in the next succeeding telophase, when it is formed 
again in the manner described above. I have observed the 
double character of the nucleus in the telophase of every 
cleavage up to the 29-cell stage (Figs. 1-16), and in several of 
the later cleavages up to the 60-cel] stage, and I have no doubt 
that it is found in all the later cleavages, though it becomes 
more difficult to see as the nuclei grow smaller. While the 
halves of these double nuclei occupy similar positions relative to 
each other at corresponding stages in any cell generation, they 
occupy different positions at different stages and in different 
generations ; consequently the position of the groove or par- 
tition wall which separates the halves of the double nuclei can 
be satisfactorily studied only in preparations of entire eggs, 
which may be observed from all sides. All the figures which 
illustrate this paper are therefore of entire eggs, though many 
isolated cases of double nuclei have been observed and studied 
in actual sections. 

On each side of the partition wall which divides these double 
nuclei there is usually a single small nucleolus; these two 
nucleoli persist long after the disappearance of the partition 
and frequently throughout the whole of the resting period. In 
most if not all of the early cleavages there are two, and only 
two, nucleoli present in the telophase (Figs. 3, 4); but if this 
is succeeded by a very long resting period the number may 
increase to more than two, or all may fuse into a single enor- 
mously large one. 

It still remains to show that these double nuclei really 
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Fic. 11. —Telophase of Third Cleavage. Egg and sperm constituents of nuclei indicated; also 
bending of spindle axis and rotation of centrosomes and nuclei. 

Fic. 12. —Telophase of Fourth Cleavage and Prophase of division of First Quartette cells. 
The nuclei in the telophase are dual, though from this stage on the egg and sperm con- 
stituents cannot be identified with certainty. 


FiG. 13. — Telophase of Division of First Quartette. Dual nuclei in each daughter-cell. 
Fic. 14.— Subdivision of Second Quartette and formation of Third. Dual character of nuclei 
shown in apical cells. 


Fic. 15.— Telophase of Division of Second Quartette and of formation of Third; dual nuclei 
shown in almost all of these cells. 

Fig. 16. — Telophase of formation of the Mesentoblast Cell (4D) and of the second division of 
the First Quartette (1 a!, 1 a'*?, etc.); dual nuclei shown in both cases. 
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represent the egg and sperm nuclei which have not yet lost their 
individuality. This cannot be demonstrated in Crepidula, for 
the reason that this double character is not apparent at every 
stage in the nuclear cycle, but it is extremely probable, as the 
following observations will show : 

1. In the first cleavage the germ nuclei do not fuse but 
remain distinct throughout the prophase, and even in the meta- 
phase they are represented by separate groups of chromosomes 
(Figs. 1, 2); in the early anaphase these groups of chromosomes 
can no longer be distinguished, though I think they must still 
remain separate, for the nuclei are clearly double in the imme- 
diately following late anaphase and telophase (Figs. 3, 4). 
The position of the partition wall in these double nuclei corre- 
sponds to the plane of contact between the germ nuclei; the 
egg nucleus always lies more or less above the sperm nucleus, 
and in the telophase of the first cleavage one-half of each 
double nucleus overlaps the other half to a greater or less 
extent (Figs. 1-4). It is probable that the upper half repre- 
sents the egg nucleus, and the lower half the sperm nucleus, 
and in all the later cleavages it is probable that the half of the 
nucleus which lies nearest the animal pole is from the egg, and 
the other half from the sperm. 

2. The groove which is found on one side of the nucleus in 
the telophase of the first cleavage (Fig. 4) persists well into the 
resting stage, and a corresponding groove is found in the same 
position in the prophase of the second cleavage (Figs. 5, 6). 
The central spindle for the second cleavage lies in this groove 
(Fig. 6), and thus the amphiaster actually lies in the only plane 
in which it would be possible to halve the two parts of the 
double nuclei. This very fact shows that each half of a double 
nucleus is represented in the daughter-nuclei, and it strongly 
suggests that the two parts of the daughter-nuclei are derived 
directly from the corresponding parts of the mother-nucleus 
(cf. Figs. 6, 8). The fact that the central spindle lies in the 
groove separating the halves of the nucleus has been observed 
in the first, second, third, and fourth cleavages, and is undoubt- 
edly a general phenomenon. There is no reasonable ground 
for doubting that the two parts of every double nucleus are 
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derived from corresponding parts of a mother-nucleus, and 
so on back to the egg and sperm nuclei in the first 
cleavage. 

Since the descendants of the germ nuclei are halved at every 
division, it follows that successive divisions of the double nuclei 
cannot be at right angles to one another, since this would lead 
to an unequal division of the halves, or even to a division along 
the plane of contact between the halves. Such an unequal 
division might be prevented in cleavages which successively 
alternate in direction by the rotation of the nucleus during the 
resting period, or by the rotation of the spindle in the early 
stages of mitosis.' As a matter of fact both of these methods 
occur in Crepidula. The nucleus usually rotates during the 
rest through go°, so that although successive nuclear spindles 
are at right angles to one another the axis of every spindle lies 
in the same nuclear axis (cf. Figs. 3, 4, 8, 9); but in some 
cases the nuclear spindle does not lie in its definitive position 
when first formed but undergoes extensive rotation after its 
formation. While it is not susceptible of absolute proof, since 
the partition wall is absent during the later stages of the rest, 
it is highly probable that the plane in which all nuclear spindles 


lie is the plane of contact between the two halves of every 
nucleus. 


> 


3. In certain abnormal cleavages the double nuclei are really 
two entirely separate nuclei lying side by side within a single 
cell. Such binucleated cells may occasionally be found with 
the nuclei in the height of the rest, though they are more usual 
in the telophase or early resting period. There is usually but 
a single sphere and centrosome in such cells, though in one 
case of pathological mitosis which I have seen (Fig. 7) there 
are two mitotic figures side by side; the chromosomes which 
have reached the stage of the chromosomal vesicles have not 
aggregated at the poles of these spindles, but are scattered 
along their whole length. There are thirty of these 


1 Riickert finds that the nuclei rotate in Cyclops even after the spheres have 
reached their definitive positions at the poles of the spindle; I have never observed 


in Crepidula a rotation of the nuclei, independent of the spindles, at so late a 
stage in the cell cycle. 
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chromosomes in each spindle, the same number that is found 
in each germ nucleus. 

4. In each of the germ nuclei, before they come into contact, 
there is a single nucleolus ; these nucleoli disappear in the pro- 
phase of the first cleavage, but in the succeeding telophase a 
single nucleolus generally appears in each half of each daughter- 
nucleus. The same is true of the succeeding cleavages, so that 
each nucleus throughout the cleavage usually has two nucleoli 
in the telophase or early resting stage, though the number may 
vary in the later resting period, as pointed out above. The 
fact that there is a single nucleolus in each germ nucleus, and 
that there is usually a single nucleolus in each half of the 
double nuclei of the cleavage, may possibly indicate that these 
halves are each derived from one of the germ nuclei. Since 
the nucleoli as such do not persist throughout the mitosis, may 
it not be possible that there is some achromatic structure in 
connection with them which does persist and form the basis 
for the new nucleoli which appear in the daughter-nuclei ? 

These facts make it very probable that the germ nuclei of 
Crepidula preserve their individuality throughout the cleavage, 
though their separateness may be apparent only or chiefly in a 
single stage of the nuclear cycle, vz., the telophase. Further, it 
is possible, even in an advanced stage of the cleavage, to deter- 
mine with considerable probability which part of a double 
nucleus is derived from the egg and which from the sperm, 
the egg half always lying nearer the animal pole than the 
sperm half. Finally the initial position of the mitotic spindle 
seems to be determined by the relative positions of the halves 
of the double nuclei, since the spindles when they first appear 
lie in the plane of contact between the two halves; the final 
position of the spindle and the direction of division are deter- 
mined by the movements of the cytoplasm. 
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THE EARLY DEVELOPMENT OF THE 
HYPOPHYSIS IN CHELONIA. 


CHARLES ZELENY. 


Tue following observations on the early development of the 
hypophysis in Chelonia are offered at this time because they 
throw positive light upon the derivation of the organ concern- 
ing which we at present have several conflicting views. The 
paper is based upon sections of Aspidonectes spinifer Ag., 
Chelydra serpentina L., and Chrysemys marginata Ag., which 
show that in these forms the hypophysis is undoubtedly of 
epiblastic origin. Incidentally some points regarding the rela- 
tion of the preoral gut to the notochord and the head cavities 
will be noted, but this subject will receive fuller treatment in a 
subsequent paper. For the sake of convenience the subject 
matter will be considered under the following heads : 

1. A general outline of the literature dealing with the early 
development of the hypophysis among vertebrates. 


> 


2. Material and methods of preparation. 


3. Description of stages. 
4. Summary and conclusion, 


Literature. 


It would be out of place in a paper such as the present 
to give any detailed account of the views which have been 
held regarding the subject under discussion. A bare mention 
of.a few of the upholders of each of the principal views, giving 
the group upon which work was done, must suffice. 

1. Those who have claimed a hypoblastic origin for the 
hypophysis are Luschka (69), Mammalia; W. Miiller ('71), 
Vertebrata in general ; Dohrn (’g2), Teleostii, later extended to 
Vertebrata in general ; Hoffmann (88), Lacerta ; Prather ('99), 
Amia. 

267 
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2. Those who have claimed an epiblastic origin for the 
hypophysis are Mihalkovics ('77), Aves and Mammalia ; Balfour 
('78), Elasmobranchii; Orr (87), Lacerta; Lundsborg ('94), 
Salmonidae ; Dean ('96), Amia; Haller ('96), Vertebrata in 
general ; Hoffmann (96), Elasmobranchii; Melchers (99), 
Lacertilia. Of these Orr (87), although he describes the 
hypophysis as of epiblastic origin and so figures it in his 
sections, nevertheless considers it probable that hypoblast 
cells may take some part in its development. 

3. Those who have claimed that the hypophysis is partly of 
epiblastic and partly of hypoblastic origin are Kupffer ('93), 
Acipenser and Ammocoetes ; Valenti ('95), Amphibia (Bufo) ; 
Nussbaum (96), Mammalia ; and considered probable by Orr 
(87), Lacerta. 

It is of special interest to note that even this partial list 
gives each of the three views a large number of the groups 
of vertebrates upon which to base its general character. 


Material and Methods. 


The material upon which the following observations are 
based was obtained in Minnesota during the summers of 1898 
and 1899. The embryos of Aspidonectes are from Grey 
Cloud Island in the Mississippi River below St. Paul, and 
those of Chrysemys and Chelydra are from the neighborhood 
of Hutchinson. The fixing fluid used was Gilson’s mercuro- 
nitric mixture. The embryos were stained zz ¢ofo in haema- 
calcium or in paracarmine. The series of sagittal sections 
were found to be the most helpful in determining the cell- 
layer from which the hypophysis is derived, and the following 
descriptions are taken entirely from such sections. 


Description of Stages. 


The following stages will be figured and described : 

Stage A. The hypophysial evagination has not yet 
appeared. 

Stage B. The hypophysial evagination is very evident and 
the pharyngeal membrane has not yet been broken. 
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Stage C. Slightly older than Stage B. The pharyngeal 
membrane has been broken. 

Stage D. The downward growth and enlargement of the 
fore-brain have pushed the hypophysis back from its primary 
relation to the broken ends of the pharyngeal membrane. 

Stage E. The hypophysis has been shifted backward so 
as to assume a position relatively far back in the pharyn- 
geal cavity. 

Stage F. The hypophysis has become differentiated into 
a terminal, broad, sac-like part and a narrower connecting 
stalk. 


Stage A. 


In an embryo with five or six mesoblastic somites and in 
which the medullary folds have not yet united above to enclose 
a medullary canal the hypophysial evagination has not begun to 
form. A median sagittal section of such an embryo, however, 
shows the relation of the parts surrounding the point at which 
the hypophysis will appear at a later stage. Fig. 1, Pl. I, rep- 
resents a diagrammatic median sagittal section of an embryo 
of Chrysemys marginata 2.5 mm. in length and in which there 
are five distinct mesoblastic somites with indistinct traces of a 
sixth. The figure is a combination of the six sections nearest 
to the median line. Although the medullary groove is still 
open above, the medullary folds in the head region have grown 
to a considerable height, as represented by the dotted line 
D. At the same time the whole anterior region has been 
folded and bent downward. The fold of the blastoderm which 
comes up over the head as a result is the proamnion (/a.), and 
consists of epiblast and hypoblast. At the bottom of the head 
fold. the hypoblast has traveled back much farther than the 
epiblast, leaving a space in which the cardiac mesoblast (C7.) 
develops. As we trace this hypoblast (Zxd.1) forward along 
the floor of the fore-gut (7.G.) we find that it is bent ven- 
trally so as to come into contact with the epiblast. This point 
of contact, represented by the double-headed arrow ( | ), is the 
region at which the mouth will be formed. In front of this 
we may recognize a short, wide, preoral gut (Pr.G.). This isa 
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true preoral gut and not an apparent one caused by the down- 
ward bending of the head region ; for we must consider the 
sharp angle in the hypoblast at ?r.G. in the figure, and not 
the part back of it where the mouth will appear, to have been 
the original extreme anterior end. Thus we may consider all 
the hypoblast below and posterior to this angle to belong to 
the ventral wall of the alimentary canal, and all that above and 
posterior to belong to the dorsal wall. Following the dorsal 
wall we find that it immediately divides into two parts, one of 
which is the notochord (.Vc.) and the other the dorsal wall 
of the gut (Ezd.2). For this reason the hypoblast forming the 
ventral wall of the alimentary canal, and continued out at 
the ends of the embryo into the flat outlying blastodermic 
region, may be called the “ primary hypoblast,”’ and the hypo- 
blast of the dorsal wall the “secondary hypoblast.” Rex 
(97), in his work on the duck, and Davidoff (99), in the 
embryo of Platydactylus, have found similar relations of the 
notochord to the hypoblast. The terms “ primary hypoblast ” 
and ‘secondary hypoblast,’’ which are used above, are taken 
from the paper of the latter author. It is important to note in 
this connection that my sections show a distinct line of demar- 
cation between the epiblast and the hypoblast in this region, so 
that the mass of cells surrounding the preoral gut is distinctly 
hypoblastic and not a mass of undifferentiated cells. The 
arrow with a feathered shaft () shown in Fig. 1 in the 
epiblast directly under this point marks the position and direc- 
tion of the future hypophysial pocket. The very plain line of 
division between the epiblast and hypoblast excludes the possi- 
bility that any of the hypoblast cells may take part in this 
ingrowth of the epiblast. 


Stage B. 


In an embryo 5.2 mm. in length and with twenty-one meso- 
blastic somites, such as is shown in median sagittal section in 
Pl. I, Fig. 2, and Pl. II, Fig. 3, the brain has developed with 
great rapidity. The cephalic flexure having proceeded at the 
same time, the region around the preoral gut is greatly com- 
pressed. The cavity of the preoral gut itself has become very 
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small and its dorsal wall is doubled back on itself. The noto- 
chord also at its anterior end near the point where it joins the 
hypoblast has become very much twisted and curved, giving it 
a knotted appearance in sagittal section. However, the parts 
are easily recognized as having the same relation as those in 
Stage A (Fig. 1). In Stage B (Fig. 2), as before, the dorsal 
wall of the fore-gut is the “secondary hypoblast”’ and the 
ventral wall the “ primary hypoblast,” the division line between 
the two being the point where the notochord joins the hypo- 
blast. The pharyngeal membrane is still intact but breaks 
up very soon after this stage. Directly in front of the place 
where the mouth opening will appear the epiblast bends sharply 
back on itself to follow the brain, forming a pocket in which 
the cells are taller than in the neighboring parts of the epi- 
blast. This is the beginning of the outpocketing which will 
eventually form the hypophysis. The evaginating layer of 
cells is clearly distinct from the hypoblast cells of the pre- 
oral gut, as is well shown in PI. II, Fig. 3, which gives an 
enlarged view of the hypophysial region of Fig. 2. Starting 
from the condition of the stomodeal epiblast in the earlier 
stage as shown in Fig. 1, we see that an epiblastic groove 
was originally formed at the point marked by the feathered 
arrow () just in front of the future mouth by the forward 
and downward bending of the fore-brain. It is at the bottom 
and in the middle of this groove that the thickening and out- 
pocketing of the cells start, and later form the epiblastic 
pouch which becomes the oral portion of the hypophysis. 


Stage C. 


In an embryo but slightly older than the one last described 
the pharyngeal membrane has already been broken. Fig. 4, 
Pl. III, represents a diagram of a median sagittal section 
of such an embryo. On account of a lateral bend in the neck 
region it was not possible to obtain a section which would show 
the connection of the notochord and the preoral gut at the 
same time with the mouth opening and the hypophysial evagi- 
nation. The canal (#.C.) between the two premandibular 
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head cavities is, however, shown, and the small mass of cells 
connected with it and directed toward the hypoblast of the 
fore-gut is the strand which connects the head cavities with the 
preoral gut. The preoral gut itself is not shown in this figure, 
the cavity (¥.G.') being a part of the fore-gut which has assumed 
a position anterior to the mouth because of the bending of the 
alimentary canal, which takes place at the same time with the 
cephalic flexure. Except for the break in the pharyngeal mem- 
brane the relation of the hypophysis to the epiblast is the same 
as in Stage B. The hypophysial outpocketing is here, as before, 
on the epiblastic side of the mouth opening and is undoubtedly 
made up entirely of epiblast cells. 


Stage D. 


In Fig. 5, Pl. II], we have a median sagittal section of a some- 
what later stage. The points f/ and 7’ show the position of the 
ends of the broken pharyngeal membrane, and the dotted line 
(P.M.) between them represents the former position of the now 
ruptured membrane. The hypophysial pouch (//y/.) is shown 
very distinctly on the epiblastic side of the membrane. It has, 
however, been pushed back from its original position with 
relation to the point f’ by the rapid growth of the fore-brain. 
The anterior end of the notochord (.V.) is still more curved 
and wrinkled than in the last stage, but it retains its connec- 
tion with the anterior wall of the preoral gut (?.G.) by means 
of a string of cells. In this string of cells we see the section 
of the canal (4.C.) which connects the two anterior or pre- 
mandibular head cavities. The hypophysial evagination from 
the very beginning is in close contact with the wall of the 
infundibulum, but the two layers of cells always remain clearly 
distinct. The epiblast cells of the hypophysis also remain 
clearly distinct from the hypoblast cells of the preoral gut. 


Stage E. 


Fig. 6, Pl. IV, is a diagram of a section of Chelydra ser- 
pentina. It shows a continuation of the same process of 
enlargement of the fore-brain and the consequent pushing 
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back of the hypophysial evagination, so that the latter finally 
appears to lie far back in the pharyngeal cavity. However, 
here, as before, the dotted line gs’ shows the original position 
of the now broken membrane. At this stage the notochord 
has severed its connection with the fore-gut, but it is still 
joined to the mass of cells which connects the two head cavi- 
ties. These cells still surround a canal, so that there is a 
passageway from the premandibular cavity on one side of the 
head to the corresponding cavity on the other side. 


Stage F. 


Fig. 7, Pl. IV, represents a median sagittal section of 
Aspidonectes spinifer, and Figs. 8 and 9, Pl. V, represent 
sections of the same series, respectively, three and six sections 
to the side of the median line. In these it is seen that there 
is no evidence of the canal which connected the two head 
cavities, and the notochord shows no sign of the former union 
with the hypoblast. The hypophysis has begun to constrict in 
the basal region and to enlarge in the terminal region so as to 
show a division into a narrower basal stalk and a wider terminal 
sac-like portion. 


At a considerably later stage than the above the infun- 
dibulum sends out a pouch-like evagination, which from the 
beginning is in close contact with the wall of the oral sac 
and forms the infundibular part of the hypophysis. 


Summary and Conclusion. 


The foregoing series of sections furnish a clear chain of 
evidence in favor of the epiblastic origin of the hypophysis 
in Chelonia. Stage B (Figs. 2 and 3) itself is a conclusive 
proof of such an origin. Here with the pharyngeal membrane 
yet unbroken we find that the evagination is on the epiblastic 
side of the membrane. The distinct limiting line which marks 
the inner border of the hypophysial pouch excludes the suppo- 
sition that the hypoblast cells may take a part in its forma- 
tion. Even at the early stage represented in Fig.1 there is 
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a distinct limiting line between the epiblast and hypoblast at 
the point where the hypophysis will later appear. 

After the mouth opening has appeared (Stage C, Fig. 4) we 
find the hypophysis at first in the same relative position as in 
Stage B. Then the great increase in size of the fore-brain 
forces the epiblastic pocket to a position far back in the 
pharyngeal cavity, so that Stages D and E when considered 
alone would lead one to believe that the hypophysis is of 
hypoblastic origin in this group. That such is not the case is 
made evident by following the whole series of changes through 
all the different stages. There can be no doubt that in the 
Chelonia at least the oral evagination which goes to form the 
hypophysis is of epiblastic origin. As regards the infundibular 
portion there is no essential difference of opinion and its devel- 
opment need not be touched on here. 

The bearing of the above conclusions on the paleostome 
theory of Kupffer and the neostome theory of Dohrn is of 
some interest. According to Kupffer, the hypophysis was 
originally a canal connecting the fore-gut with the epiblast, 
and represents an ancestral cesophagus which came up in 
front of the fore-brain and was replaced by the modern cesoph- 
agus at the time when the mouth was forced to a more ven- 
tral position by the enlargement of the brain. Dohrn, on 
the other hand, has picked out the epiphysis and hypophysis 
as remnants of the old annelid cesophagus which went up 
through the brain. Both of the above views presuppose some 
connection of the hypophysis with the hypoblast. The sections 
of turtle embryos which are described in the present paper 
give no evidence of such a connection at any stage. 

In conclusion I wish to express my sincere thanks to 
Prof. H. F. Nachtrieb, who suggested to me the investi- 


gation of chelonian development and has aided me in many 
ways during the progress of the work. 


DEPARTMENT OF ANIMAL BIOLOGY, 
UNIVERSITY OF MINNESOTA, December, 1900. 
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ZELENY. 


ABBREVIATIONS USED IN CONNECTION WITH THE FIGURES. 


Ao. 


Aortic arch. M. B. 

Cardiac mesoderm. Ma. 

Epiblast. Ne. N. 

“ Primary hypoblast.” a. 

“ Secondary hypoblast.” P.G. 

Epiphysis. P.M. 

Fore-brain. 

Fore-gut. 

Hind-brain. 

Canal connecting the two pre- 
mandibular head cavities. 

Heart. 

Hypophysis. 

Stalk of hypophysis. 

Infundibulum. 

Mouth opening. 


Mid brain. 

Floor of medullary groove. 

Notochord. 

Proamnion. 

Preoral gut. 

Pharyngeal membrane. 

Dotted line above Jd. in Fig. 
1 represents the height to 
which the medullary folds 
have risen. 

Position and direction of the 
hypophysial evagination. 
Pharyngeal membrane and 
position of future mouth 

opening. 
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PLATE I. 
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Fic. 1 (Pl. 1), Stage A. — Combination diagram formed from the six sections 
nearest to the median sagittal section. Embryo of Chrysemys marginata. 
Mesoblastic somites = 5%. Lg. of embryo= 2.5mm. x 62. 


Fic. 2 (Pl. 1), Stage B. — Diagram of the median sagittal section of an embryo 
of Aspidonectes spinifer. Lg. = 5.2 mm. Mesoblastic somites = 21. x 50. 
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PLATE II. 
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Fic. 3 (Pl. Il), Stage B. — Median sagittal section of Aspidonectes spinifer. 
Part of Fig. 2, but with Magn. x 200. 
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PLATE III. 


Fic. 4 (Pl. III), Stage C. — Median sagittal section of A. spinifer. 
Lg. = 5.7 mm. Mesoblastic somites = 21. x 50. 


Fic. 5 (Pl. IIT), Stage D.— Median sagittal section of A. spinifer. 
Lg.=6.0mm. X 50. 
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Fic. 6 (Pl. IV), Stage E.— Median sagittal section of Chelydra serpentina. 
lg.=7mm. x 50. 
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Fro. 7 (Pl. IV), Stage F.— Median sagittal section of A. spinifer. 
Lg.=7-5mm. xX 50. 
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PLATE V. 


Fic. 8 (Pl. V), Stage F. — Sagittal section from the same series as Fig. 7, but 
three sections (40 4) to the side of the median line. x 50. 


FIG. 9 (Pl. V), Stage F. — Sagittal section from the same series as Fig. 7, but 
six sections (80 4) to the side of the median line. x 50. 





ON PHORONIS PACIFICA, SP. NOV. 
HARRY BEAL TORREY. 


DuRING the past summer eight specimens of Phoronis came 
into my hands. Five were collected in June, 1894, in Humboldt 
Bay, California, by an expedition from the University of Cali- 
fornia. Three were brought back from Puget Sound by the 
Columbia University expedition of 1897. As the occurrence of 
Phoronis on the Pacific coast has never been recorded, and it is 
eminently desirable that all localities in which this interesting 
form may be obtained should be made known to naturalists, 
I have undertaken to describe this material, which represents 
a single species hitherto unknown. 

The following table will indicate the distribution and date of 
first description of all the known species of Phoronis. For the 
species presently to be described I propose the name ?. facifica. 


P. hippocrepia Str. Wright. 1856 Great Britain. 

P. ovalis + 1856, 

P. (Crepina) gracilis Van Ben.? 1858. 

P. Buskit McIntosh.® 1881 Philippines. 

P. australis Haswell.4 1882 Port Jackson, N.S.W. 

P. Kowalevskii (Caldwell)* Benham.’ 1883 Naples. 

P. psammophila Cori.’ 1889 Messina. 
Port Jackson? 

P. Sabatieri Roule.® 1889 Gulf of Lyons. 

P. architecta Andrews." 1890 North Carolina. 

P. tjimai Oka.” 1897 Japan. 

P. pacifica. 1901 Humboldt Bay, California ; 
Puget Sound, Washington. 


1 Proc. Roy. Phys. Soc. Edin., vol. i (1856), p. 165; Edin. New Phil. Journ., 
vol. iv (1856), p. 313. 2 Ann. Sci. Nat., 4th ser., vol. x (1858), pp. 11-23. 

8 Proc. Roy. Soc. Edin. vol. xi (1881), p. 211; Chall. Rep. Zodl., vol. xxvii 
(1888), 27 pp. * Proc. Linn. Soc. N.S. W., vol. vii (1882), pp. 606, 607. 

5 Proc. Roy. Soc. Lond., vol. xxxiv (1883), pp. 371-383. 

® Quart. Journ. Micr. Sci., vol. xxx (July, 1889), pp. 125-158. 

7 Dissert. Prag (Juli, 1889) ; Zeitschr. f. wiss. Zool., vol. li (1890), pp. 480-568. 

8 Compt. Rend. Acad. Sci. Paris, vol. cix (1889), pp. 195, 196. 

® Ann. Mag. Nat. Hist., 6th ser., vol. v (1890), pp. 445-449. 

10 Annot. Zool. Japon., vol. i (1897), pp. 147, 148. 
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Cori has discussed in an interesting fashion all save the last 
four species. Roule’s P. Sabatier and Andrews’ P. architecta 
were apparently unknown to him, though descriptions of both 
were published before the date of his manuscript. P. Sadatiert 
is known to me only through a meager description. It differs 
from the other European forms in size and habit, and approaches 
P. architecta in these respects. The latter possesses the simple 
lophophore and comparatively small number of tentacles (60) 
of the European species. It may be distinguished from them 
(with the exception of P. Sadatiert, with which it may prove 
identical) by its larger size, its straight tubes and solitary habit, 
its strong longitudinal muscles (excepting P. psammophila), the 
presence of a ciliated groove in the digestive tract, and possibly 
by a separation of the sexes. While it agrees fairly well with 
P. Buskii in size, it differs from that species in the other char- 
acters enumerated, as well as in the complexity of the lopho- 
phore and the number of tentacles. It is thus more closely 
allied to the European than to the Australian and Philippine 
forms. 

The differences between P. australis and P. Buskii are merely 
of habit and size, which has caused Benham to suggest their 
identity on the supposition that these differences are due to 
dissimilar environmental conditions. 

The description of the Japanese species has been inaccessible, 
so that I can state nothing with regard to it save its existence. 

It is an interesting fact that no one has cared to segregate 
the species of Poronis under more than one generic name, and 
indicates the trifling character of the differences which serve to 
distinguish them. We may separate them, however, into two 
groups widely separated geographically. In the one belong the 
European forms, including, perhaps, the American ?. architecta. 
In the other belong P. australis and P. Buskii. We may dis- 
regard the Japanese species on account of dearth of information, 
and the P. psammophila which Haswell has found at Port Jack- 
son and which may have been brought from the Mediterranean 
on a ship’s bottom. 

P. pacifica occupies a place intermediate between these two 
groups both geographically and anatomically, but is somewhat 
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more closely related to the American than to the Australian 
species. In size it resembles P. Buskii, as well as in the com- 
plexity of the lophophore ; though instead of three coils in the 
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Fic. 1. — Diagrammatic cross-sections of the lophophores of ?. australis or P. Buskii (A), 
P. pacifica (B). 


Fic. 2. — Section through the upper third of ?. facifica ; but one quadrant detailed ; semi-diagram- 
matic. 4, basement membrane; c¢, circular muscle; ec, ectoderm; /, longitudinal muscles; 
m, m', mesenteries; rv, median vessel; #, nerve; 0, oesophagus; », rectum. 
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spirals of the lophophore there are one and one-half to two, 

and a correspondingly smaller number of tentacles (170-200), 
Fig. 1, A, B. In the strength of its longitudi- 
nal muscles (Figs. 2, 3) it departs from P. Buskiz 
and even surpasses P. architecta, resembling 
the latter species in the possession of a 
specialized ridge in the digestive tract (though 
this does not pass into the groove that Andrews 
describes), in the structure of the nervous sys- 
tem, lophophore organ and tube, in habit, and 
in the possible separation of the sexes. 

It is not my intention to enter into a full 
and detailed anatomical description of Poro- 
nis, which the labors of Benham and Cori have 
rendered largely unnecessary. But a few 
words on some points may not be out of place. 

In one of the Puget 
Sound specimens sper- 

aie ee amitadinat Matogonia and sperma- 
een. thie tocytes were found 
broken. packed around the blood 
vessels in the aboral regions of the body, 
but no spermatozoa nor ova. The aboral 
ends of all the Humboldt specimens were 
wanting, so it was impossible to deter- 
mine whether they were monoecious or 
dioecious. In one nephridium three ova 
were found unaccompanied by sperma- 
tozoa; the first polar body was forming 
inone. As there was no sign of sperma- 
tozoa in these eggs, it is probable that in fie, 4, — Cross-section of the 
this species fertilization takes place either sre a ee 
externally or within the nephridium. It contact with the median lon- 
is quite possible that the sexes may "nt! Dood vessel 
be separate, or ova and sperm may be produced by the same 
individual but not simultaneously. 
The blood corpuscles have a conspicuous yellow color and 
measure 10-15 in diameter. 
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The ciliated ridge was present for a considerable distance in 
the oesophagus, but could not be seen in the stomach either as 
a ridge or a groove. In Figs. 2, 4 it is indicated in section, 
where it appears to be a shallow groove, an appearance probably 
due to the folding of the wall of the oesophagus. Its position 
relative to the longitudinal blood vessels is identical with that 
described for P. architecta. The nuclei stain more intensely 
with haematoxylin than the other 
nuclei of the oesophagus, and are 
crowded together usually in several 
layers. These facts make the area 
quite conspicuous in section. 

The muscles reach their greatest 
development in the oral third of 
the body, where they form more 
than eighty high narrow ridges. In 
the aboral third these are reduced 
to a very inconspicuous layer, though a ee Sanne 
still retaining their identity, being — *Y ° the !ephophore. 
separated throughout their length by characteristic folds of 
peritoneal epithelium. 

There is a delicate peritoneum covering the muscle ridges, 
the nuclei only (Fig. 3, #) being seen with ordinary powers of 
magnification. Occasionally a similar nucleus is found within 
the fold of muscle (z’). 

The nervous system is constructed as in P. architecta, with 
one interesting exception. The two longitudinal cords, which 
are of exceedingly unequal length, instead of ending in the 
nerve ring of the lophophore, are continuous across the median 
line at the level of the median mass of ganglion cells. The 
loop thus formed is closely applied posteriorly to the latter and 
touches the lophophore nerve on each side of the rectum, appar- 
ently without fusing at either point. Just how intimate this 
contact is cannot be determined from my poorly fixed material. 
The brevity of the descriptions of this portion of the nervous 
system in P. architecta and other species leads me to suspect 
that the seemingly exceptional condition in P. pacifica may 
prove to be of more general occurrence. 
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The lophophore organ is extremely variable and may be 
present or absent, as in P. psammophila. It may resemble 
that of P. australis, though differing somewhat in shape 
(Fig. 5). In this case it is simple, with a thickened glandular 
epithelium lying for the most part against the inner circle 
of tentacles, and an outer free non-glandular edge of much 
lower cells. In another case, however, it had the form of the 
same organ in P. architecta and P. psammophila, as described 
and figured by Andrews and Cori, being composed of a basal 
lobe and a distal “carpel-like organ.”” This condition seems 
to have been attained by the addition of the “carpel-like organ” 
to the structure (basal lobe) which corresponds to the entire 
organ in P. australis. 

The following is a diagnosis of the species, from material 
preserved in alcohol and formalin : 


Total length may be 9 cm., of which the tentacles represent from 2} to 
4 mm. 

Diameter, 1} to 2 mm. 

Lophophore spirally coiled, each spiral possessing from 1} to 2 complete 
turns. 

Tentacles 170 to 200. 

Lophophore organ present or absent ; extremely variable in form. 

Each animal occurs singly and completely fills tube. 

Tube straight, cylindrical, composed of delicate chitin, encrusted with fine 
sand grains. 

Ridge of thickened epithelium in the descending limb of the digestive canal, 
just beneath the median longitudinal blood vessel. 

Longitudinal nerve trunks unite across median line between mouth and 
anus. 

Longitudinal muscles in numerous very high and narrow folds which reach 
their maximum in the distal third of the body. 

Sexes possibly separate. 

Localities: Puget Sound, Washington ; Humboldt Bay, California, on sand 
and mud flats that may be uncovered by the tide. 


COLUMBIA UNIVERSITY, January, 1901. 





ON MUSCLE REGENERATION IN THE 
LIMBS OF PLETHEDON. 


“ELIZABETH W. TOWLE. 


SPALLANZANI (1768) and Bonnet (1777) showed that a 
salamander whose limbs have been cut off has the power to 
regenerate new ones. This discovery has been confirmed by 
later writers, and although some histological work has been 
done, yet the method of regeneration of the muscle bundles 
has not been worked out. There are several possibilities : 
first, the old fibers might break down at the cut ends and the 
new ones develop from the indifferent tissue so formed, each 
old muscle thus completing itself independently. Or, the 
cut muscles might degenerate along their entire length, and 
new ones take their place; or some of the old muscles might 
degenerate, new ones being formed from this tissue, while some 
fibers might break up into smaller new fibers. An attempt 
has been made in this work, not so much to follow the origin 
of the cells in detail as to discover the general processes 
taking place in the leg that lead to the formation of the new 
muscles. The regenerating limbs of Plethedon cinereus were 
used. They were studied by means of serial sections. 

In addition to this histological study, I have also experimented 
on a number of American urodeles in order to see in which ones 
regeneration of the limbs takes place. For this purpose a 
number of the commoner forms have been studied, and in 
connection with these results a statement is given of the 
previous observations on European forms. 


I. 


Method. — One of the anterior limbs of Plethedon cinereus 
was removed halfway between elbow and hand. The regen- 


erating limbs were put up at intervals varying from four days 
289 
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to two weeks. They were fixed in corrosive acetic, hardened 
for two or three days in 95% alcohol, and then decalcified for 
from six to eight days in a nitric acid solution (HNO; sp. gr. 
1.42, 2 vols. + H2O, 98 vols.) which was changed daily. They 
were finally hardened again for three days in 95% alcohol, 
embedded and cut. Some limbs were stained zx foto with borax 
carmine, but the best results were obtained by the method 
used by Byrnes ('82), vzz., staining on the slide in Delafield’s 
haematoxylin, followed by a wash of picric acid in absolute 
alcohol. This latter method differentiates the muscle substance 
very clearly. 
Eleven stages were préserved at the following intervals: 


Time of Operation. Time of Killing. Age of Stump. 
. May 4, I9g00.! May 14, 1900. 7 days. 


oles * II 
. Oct. 22, 1899. Nov. 1899. 
‘“ ‘“ “ Dec. 5 “ 


“ 


i oe ‘ March “ 151 


Transverse sections of this series were cut. Nos. 1, 2, and 
3 were stained with haematoxylin and picric acid ; 4, 5, and 6 
with borax carmine ; 7 with borax carmine and picric acid ; 
8 and g with Biondi-Ehrlich solutidn ;? 10 and 11 with haema- 
toxylin and picric acic. In addition, normal limbs were cut 
and stained in a similar manner and used for comparison. 

Results. — For convenience in description I shall consider the 
sectioned limb as made up of three Regions: I, that between 
the cut and the elbow; II, the Region just above the cut; and 
III, the growing end. In the earliest stages Region III does 
not, of course, exist. 

1 It will be noticed that stages 1, 2, and 3 were preserved later in the year, but 
observations will be described in the above order. 


2 This stain was not successful, and the stages were replaced by one stained 
with haematoxylin and picric acid. 
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In the first of the series of transverse sections changes in 
the cut muscles are already noticeable, the most striking being 
the increase in the number of nuclei, especially in the outer 
fibers of the limb. This increase can be seen in Region I as 
far up as the origin of the muscles at the elbow. In the outer 
fibers the muscle tissue is becoming thinner and disappearing, 
and while the outlines of fibers and bundles are not lost, they 
are much less clear than in the normal limb. The inner 
bundles, however, are but little affected, and extend unbroken 
to the cut end, which is at this time not yet entirely covered 
by ectoderm. No mitosis is seen in this section. 

In stage 2 the changes are more marked. There has been 
a continued increase in the number of nuclei in Regions I and 
II, the outlines of the outer fibers and bundles are lost, while 
the muscle substance has disappeared except for disintegrating 
fragments here and there, contrasting sharply with the thin 
cytoplasm of the neighboring cells. The inner fibers still extend 
to the end of the limb, which is now covered entirely by several 
layers of ectoderm. In the neighborhood of the cut three or 
four mitotic figures are to be found. In the third stage Region 
III begins to appear as a small knob of undifferentiated tissue 
behind the cap of ectoderm. In this knob 
and for a short distance above it among the 
outer cells karyokinesis is not uncommon. 

If we compare the following stage (4) with 
the normal limb, the principal changes that 
have taken place will be very clearly brought 
out. In Region I the increase in number of 
nuclei is very great. Even as far as the elbow 
two to four nuclei may be found in a section 
of a single fiber, often crowded together so as 
almost to fill it (Fig. 1). Many nuclei are also 
scattered between the fibers. Below the elbow 
the number of nuclei increases, the outlines 
of the outer fibers are completely lost, and 
the outer half of the limb, which is normally 
solid muscle, is seen to be made up of a dense mass of nuclei 
surrounded by loose protoplasmic substance, with here and there 
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clumps of disintegrating muscle tissue. The outlines of the 
inner fibers are somewhat less distinct than in the preceding 
stage, and some of the bundles seem to be splitting up. This 
condition is represented in Fig. 2. Most significant is the fact 
that at no stage is any karyokinesis found among the muscle 
fibers, although the increase in the number of nuclei is enormous. 
Passing through Region II of this stage, the number of old 
fibers decreases and the scattered nuclei increase, until at the 


plane where the cut was made all old fibers disappear and we 
reach Region III, which is made up entirely of closely crowded 
nuclei, each surrounded by a small amount of protoplasm. 
Karyokinesis is first seen in II, a short distance above the cut, 
among the outer cells, wever in the muscle fibers, and the num- 
ber of dividing cells increases toward the growing tip until it 
becomes quite large. 

In the fifth stage a further difference is to be noted. We 
find in Region I, in the inner part of the limb, the old muscle 
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fibers, often with several nuclei, and broken frequently into 
quite small fragments. Outside these are numerous nuclei, as 
before, but now surrounded by very distinct muscle tissue 
(Fig. 3). This tissue has formed often about several nuclei 
in a group, and has no distinct walls; there seem to be as yet 
no distinct muscle fibers. _ But the line of separation between 
the old muscle fibers and the new tissue is distinct, and a few 
old fibers can be traced to the region of the cut, although at 
that level the greatest 

part of the tissue is 

new. New muscle sub- 

stance has appeared 

about the nuclei for a 

short distance below the 

cut ; but it decreases as 

we pass down, until we 

find only crowded nuclei 

and thin protoplasm. In 

this region, as before, 

numerous karyokineses 

are seen. 

In Region I of the 
sixth stage all the mus- 
cle fibers are small and 
the definite line between 
the old and new is lost. 

The majority of the 

fibers contain in cross-section but one nucleus, though some 
may contain two or three, and in general the smallest fibers 
and most nuclei are on the outer side of the limb. This is espe- 
cially noticeable in Region II, where the outer (new) fibers are 
exceedingly small. The muscle tissue decreases in amount as 
we pass to Region III, until it is all lost. Cells dividing by 
karyokinesis appear at this level. 

Stage 7, though of the same age as the preceding, is 
somewhat further differentiated, and in this the new fibers 
are more rounded and have assumed a more characteristic form 
(Fig. 4). A comparison with the normal shows smaller fibers 
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and great excess of nuclei, there being often two or three to 
one fiber and many outside the fibers. 

The later stages need not be described in detail. As the 
limb grows longer the formation of new muscle tissue pro- 
gresses farther down toward the tip, the new fibers being 
always small and containing several nuclei. The number of 
nuclei outside the fibers decreases, until in stage 11 the 
muscles look quite normal, and the number of nuclei is exces- 
sive only in the region of the foot, which is at this time 
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clearly differentiated. Karyokinesis is found, I believe, without 
exception, near the growing end, never in the upper regions. 

The first appearance of any definite grouping of cells appears 
in stage 5, where the arrangement into bundles is foreshadowed. 
As the fibers form, the division into bundles becomes more 
distinct, until in stage 11 they are all differentiated as far 
down as the foot, and here we can see by the arrangement of 
nuclei where the bundles are to be. 

In the process of regeneration described above there are 
certain things to which I wish to direct especial attention. In 
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the first place there is a great increase in the number of nuclei 
within the old fibers, but in no case is any karyokinesis found 
there. This degenerative process in the old fibers must there- 
fore take place by direct division of the nuclei. Instances of 
this division are shown in Figs. 5 and 6. To this division and 
to the disintegration of some of the old fibers is due the enor- 
mous accumulation of nuclei in the outer part of the limb 
(Fig. 2). The cells so formed then begin to divide by karyo- 
kinesis in the region of the cut, and thus a further increase in 
their number takes place. In these outer cells new muscle 
tissue forms and the new fibers are built up. A certain 


number of the old fibers remain in the middle of the limb, 
and in these the muscle tissue never disintegrates, though 
it splits longitudinally. 

Again, as at any one level the number of nuclei far exceeds 
the number of fibers in a normal muscle, a great number of 
them must, between the early stages and the fully formed limb, 
either degenerate or be transported (cf. Figs. 3 and 4). That 
this is so is easily seen, for two reasons: (1) when the new 
fibers form, at a given level several nuclei are often included 
in one fiber ; when the limb is full-grown there is only one ; 
(2) among the newly formed fibers, but de¢ween them, are many 
scattered nuclei ; the majority of these disappear in later stages. 
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One further point should be mentioned. In stage 5 the 
line of distinction between new and old fibers is clear, owing 
to their difference in size. In stage 7 this distinction has 
disappeared. This is due not only to an increase in the size 
of the new fibers, but to a decrease in the old. This decrease 
is, I believe, due to the longitudinal splitting of such of the old 
fibers as are left (Fig. 7. a and 4). 

Beside the stages described above, four others were preserved 
and cut longitudinally. This was a somewhat difficult opera- 
tion, for the new part forms at 
an angle with the upper arm, 
and it is hard to orient the 
piece in such a way as to insure 


Fic. 7 4. 


true longitudinal cutting of the muscle fibers. The material 
was preserved at the following intervals : 


Time of Operation. Time of Killing. Age of Stump. 


. Jan. 29, 1900. Feb. 2, 4 days. 
ee ‘“ 14 « 
21 « 


30 


The first of these shows no transformation at the cut ends 
of the muscles, but the ectoderm has closed in over the wound. 
In the second there is a considerable increase in the thickness 
of the ectoderm, and under it a collection of scattered nuclei, 
exactly similar to the tissue in the growing end of later stages. 
As the limb grows in length this tissue increases in amount 
and a number of mitoses are seen in it. Degeneration of the 
old fibers is distinctly noticeable in stage 3, and fibers are 
found, as before, filled with nuclei, but there is no karyokinesis 
in any muscle fiber. 





THE LIMBS OF PLETHEDON. 


SUMMARY. 


The main changes that take place in the muscles of Plethedon 
cinereus during the process of regeneration are as follows : 

1 (a) In the cut muscles the nuclei divide directly and in the 
outer bundles the fibers disintegrate, leaving masses of nuclei 
with a small amount of cytoplasm. (4) Some of the cells so 
formed later divide mitotically, and by them new muscle sub- 
stance is laid down. (c.) As the number of nuclei is, however, 
far in excess of the normal number of muscle fibers, many nuclei 
must degenerate or be transported. 

2. The fibers of the inner bundles do not disintegrate, but 
split longitudinally, giving rise to smaller fibers, which are soon 
indistinguishable from those formed as described in 1. 

3. The arrangement into muscle bundles first becomes 
clear at the end of about six weeks. 

4. There is no change in the muscles of the upper arm. 


II. 


The following is a brief summary of the main observations 
that have been made on the power of regeneration of the limbs 
in European species of salamanders. 

Spallanzani (8), in 1768, published a number of observations 
on aquatic salamanders, presumably species of Triton. In these 
he found that any or all of the limbs will regenerate, no matter 
what the species, size, or age of the animal, the larger ones 
regenerating more slowly than the smaller forms. Regenera- 
tion will take place, he maintained, even when the limbs are 
disarticulated. 

Bonnet, 1777 (2), confirmed Spallanzani’s observations, finding 
that in 7riton cristatus the hands and fingers will regenerate. 

Von Siebold (7), in 1828, recorded abnormal regeneration of 
the fingers of 7riton cristatus. 

Higginbottom, in 1847 (4, p. 29), observed that in Triton the 
limbs will regenerate at a temperature of from 48° to 57° F. 

Philippeaux (6), in 1866, was the first to prove conclusively 
that limbs when disarticulated will not regenerate. His experi- 
ments were made on 7riton cristatus and Axolot). 
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Dumeril (3), in his paper of 1867, in the course of other 
observations, notes the fact that in an Axolot] the two anterior 
limbs regenerated after injury. 

Wiedersheim, 1875 (1, p. 95), found that the toes of 77tton 
cristatus will regenerate, while there is no regeneration of the 
limbs in Proteus and Siren lacertina. 

Erber, 1876 (4, p. 34), notes regeneration of the feet of 
Stren lacertina. 

Goette, 1879 (5), records the regeneration of a leg of Proteus 
after a year and a half. Regeneration also occurs in Amphiuma 
and Siren, in 7riton cristatus, T. taentatus, and their larvae. 

Weismann (9), in The Germ Plasm, 1893, says that the limbs 
of Salamandra regenerate, while in 7riton marmoratus regen- 
eration is slight or absent. 

Barfurth (1), in 1894, reports regeneration of the feet and 
digits of 7riton taeniatus and Siredon pisciformis. This regener- 
ation is normal or abnormal according to the plane and method 
of the injury. 

I have experimented on the following forms, removing a fore 
foot and a hind foot from different individuals of each species : 


Plethedon cinereus, Spelerpes ruber, S. guttolineatus, Desmog- 
nathus ochrophaea, Manculus quadridigitatus, Amblysioma 
opacum, Diemyctylus viridescens, Amphiuma means, and Nec- 


turus maculatus. Of these, all have regenerated.' The regen- 
eration in Spelerpes, Desmognathus, Manculus, and Ambly- 
stoma was comparatively rapid, and new limbs were well 
formed in four months, though they were somewhat smaller 
than the old limbs. Diemyctylus was slower in reaction, 
while the first Necturus to show a distinct regenerated 
stump did so only after eight months. Other individuals of 
the same species showed no regeneration even at that time. 

I desire to thank Professor T. H. Morgan, under whose 
direction this work was undertaken, for his kindly assistance 
during its progress. 


BIOLOGICAL LABORATORY OF BRYN MAWR COLLEGE. 


1 Amphiuma means was observed for only eleven weeks. At that time regen- 
eration was slight. The regenerated stump was not sectioned. 
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THE FACTORS THAT DETERMINE REGEN- 
ERATION IN ANTENNULARIA. 


T. H. MORGAN. 


Tue following experiments were carried out at the Naples 
Zodlogical Station during June and July, 1900. As there may 
be no opportunity in the immediate future of completing the 
observations, I have determined to publish them as they stand, 
in the hope that the results may stimulate some one, so situated 
as to obtain the necessary material, to take up the questions 
here raised and to bring them to a more satisfactory conclusion. 

Loeb’s experiments on Antennularia, made in 1892, show 
that pieces of the stem suspended in sea water always regen- 
erate roots at the lower end and a new stem at the upper end. 
The result was the same whether the apical or the basal end 
of the piece was uppermost, 7.c., whether the piece had a normal 
or a reversed orientation. Similar results were obtained when 
pieces were suspended obliquely, the high end producing 
always the new stem and the low the new roots, etc. These 
results are similar to certain results that have been obtained 
in plants, although Vochting has shown conclusively in many 
forms that the polarity of the piece is a much stronger factor 
in determining the regeneration than is gravity. Loeb drew 
the natural inference from his results, vzz., that gravity deter- 
mines the kind of regeneration that takes place at the ends of 
the piece. Driesch,! who examined later the regeneration of 
Antennularia, found that when a piece of the stem is so placed 
“that its basal end is freely surrounded by water,” a large 
number of roots are formed from that end. If the end with 
its roots is cut off, there is generally formed from the cut end 
a few new roots, but also always a more or less delicate stem 
composed of a few tubes. This stem is negatively geotropic. 

1 Driesch, H. Studien iiber das Regulationsvermégen der Organismen, I. 


Roux’s Archiv. Bad. v, p. 383. 
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If the same end is again cut off, there develops rarely one or a 
few roots, but generally two or three vigorous stems. If the 
operation is repeated a fourth time, one or two stems are with- 
out exception produced. 

There is no statement made by Driesch as to how these 
pieces were orientated with regard to gravity, but the results 
show that another factor than gravity has an influence on the 
regeneration. Unfortunately nothing is said with regard to 
what has taken place at the other end of the piece. I shall try 
to show that it is not improbable that this may be also a factor 
in the result, and if so it is possible that Driesch’s results are 
due to this rather than to the action of the water on the free 
basal end, or at least both factors may be present. 

My experiments were primarily undertaken in order to see 
how pieces would behave when fixed to a revolving wheel, but 
on account of the apparent disagreement between Loeb’s and 
Driesch’s results, it was first necessary to repeat the experi- 
ment of suspending pieces with two cut ends in order to see 
how far gravity acted upon them. In one series of experiments 
pieces were suspended in an aquarium by means of a silk thread. 
Some of these had the apical end upwards, others the basal 
end upwards, and still others were suspended horizontally. In 
nearly all cases roots developed in the course of a few days 
from both ends. If the ends were cut off, new roots developed 
again on both ends ; although in one or two cases in which the 
apical end was uppermost a stem developed at that end. The 
pieces were from 3 to 5 cm. long. 

By means of another device the experiment can be much more 
satisfactorily carried out. A small square piece was cut from a 
sheet of cork and a hole bored in its middle. The end of a glass 
rod, about 20 cm. long or longer, was pushed through the hole 
in the cork. If the piece of cork is neither too large nor too 
small, the glass rod, when put into an aquarium, will sink to the 
bottom until one end touches, but the other end will be held up 
in a vertical position owing to the buoyancy of the cork. 

Pieces of the stem of Antennularia were fastened to the 
sides of the cork by means of two dried cactus spines, that were 
crossed over the stem and stuck into the cork. 
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In these experiments, made with pieces of different lengths, 
and from different parts of the old stem, the results were the 
same as before. In nearly every case roots developed from 
both ends, and even after these ends had been once removed. 
The experiments extended over two or three weeks. Whether, 
if continued longer, a stem would develop at the upper end 
among the roots there present, I do not know, but the results 
suffice to show that the most characteristic thing that occurs 
is the production of roots from both ends. 

I was, therefore, not a little surprised to find in another 
series of experiments that a different result occurred. I 
placed in an aquarium a number of pieces of Antennularia 
that remained attached to the stones on which they had been 
found growing. Most of the pieces stood up vertically from 
the floor of the aquarium with the apical end upwards; a few 
pieces I suspended in an inverted position, z.c., with the apical 
end downwards and the attached basal end upwards. In the 
former cases the apical ends did not produce roots at all, but 
a new stem. In the latter cases, in which the pieces were 
inverted, the apical end produced neither roots nor stem. 
Although these pieces were observed for only ten days, the 
time is ample to show that the pieces behave differently from 
pieces with two cut ends. I regret that I could not carry 
these experiments further. 

One other result should be described, since it seems to have 
a direct bearing on the last experiment. In one case a very 
small piece had sunk to the bottom of a dish of water, where 
it stood with its basal end in contact with the glass. It lay 
there undisturbed, and attached itself at its basal end by means 
of new roots. The apical end produced a shoot. This result, 
taken in connection with the preceding experiment, seems to 
indicate that the development, or the presence of roots on 
the basal end, prevents the development of roots on the 
apical end. This result, if it prove constant, opens the way 
for several interesting experiments that so obviously suggest 
themselves as to require no further mention. 

A few experiments were made with a rotating wheel con- 
structed for the purpose. The wheel consisted of two parallel 
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rings of wire between which, at equidistant points, were 
sixteen paddles (§ cm. X 8 cm.) made of oblong pieces of 
sheet-copper ; spokes (13 cm. long) attached the rings to an 
axis that rotated in two sockets. When the wheel was immersed 
in the water of an aquarium, and a stream of water from the 
tap was made to play (beneath the water) on the plates, the 
wheel slowly revolved, making about five and one-half revo- 
lutions in a minute.! 

Pieces of Antennularia were attached to the wheel in the 
following way. Sheets of cork of the same size as the copper 
plates were attached to the underside of the latter by wire or 
string. Pieces of the hydroid were fixed to the cork in different 
positions by means of crossed cactus spines. The pieces were, 
on an average, about 15 cm. from the axis of rotation. The 
results were entirely negative. None of the pieces produced 
either roots or stems; and the pieces died sooner than did those 
in other experiments. As this experiment was carried out in 
a different aquarium, I cannot be certain that the death of the 
pieces was not due to other causes than to the rotation. 
Furthermore, it is not evident from the experiment whether 
the rubbing of the moving ends against the water suppressed 
the regeneration, or whether the result is due to the continuous 
change of position in regard to gravity. The rotation was too 
slow for the action of the centrifugal force to have played any 
important part. Since other experiments have shown that roots 
may develop at both ends of a piece suspended vertically, it 
is improbable that in the rotating pieces the changing posi- 
tion in regard to the action of gravity can account for the 
result, and it is much more probable that the motion of the 
piece through the water interfered with the regeneration at 
the ends. The experiment needs to be repeated more often, and 
other check experiments carried out in the same tank. 

The work that I have done on the regeneration of Antennu- 
laria, while incomplete in many ways, shows at-least that other 
factors than gravity enter into the result. I do not question the 
main part of Loeb’s results, for they seem to show that gravity 


1 This wheel was left at the Naples Station in the hope that it might be used 
by some one to continue the experiments. 
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is a factor in the regeneration of this form ; but the development 
of roots at both ends that first takes place, as I have found, 
but which Loeb did not observe, and the behavior of pieces 
attached at one end, as described in the preceding pages, show 
that the factors determining regeneration are more involved 
than previous results seem to indicate. 


BRYN MAwWR COLLEGE, Feb. 4, 1901. 








MENDEL’S LAW OF DICHOTOMY IN HYBRIDS. 
C. B. DAVENPORT. 


In the study of hybrids we must, as De Vries (1900b) truly 
says, no longer pay primary attention to the degree of differ- 
ence between the forms united — to whether they are species, 
subspecies, or varieties — but to the behavior of the peculiar 
characters by which the crossed individuals and their ances- 
tors are distinguishable. For each of these somatic characters 
corresponds to some peculiarity of the germplasm. The be- 
havior of the differing characters when united in the hybrid is 
diverse ; three categories have long been recognized (Galton, 
1888, p.12). These are: (1) blending heritage, illustrated by 
skin color in man; (2) alternative heritage, illustrated by 
human eye color; and (3) mixed heritage, illustrated by the 
piebald condition of the progeny of mice of different colors. 
The law of dichotomy in hybrids applies only to the second 
class, —alternative heritage, — although it has recently been 
brought forward by De Vries (1900) as the almost universal 
law of inheritance in hybrids. The law itself was first enun- 
ciated very clearly and completely by Mendel (1865) and 
deserves to bear his name. The law was, however, forgotten. 
It has been rediscovered independently by De Vries and by 
Correns (1900), both of whom are able to add new evidence of 
its validity (for alternative heritage !). 

In his illustration of Mendel’s law, De Vries first classifies 
hybrids into monohybrids, dihybrids, and polyhybrids, accord- 
ing as their parents differed in one character only, or in two 
characters, or in many characters. The case of inheritance in 
monohybrids is the simplest, and will be first considered. 
Mendel’s and De Vries’s investigations have established the 
following principles : 

1. Of the two antagonistic peculiarities the hybrid exhibits 
only one; and it exhibits it completely, so as not to be 
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distinguishable in this regard from one of the parents. _Inter- 
mediate conditions do not occur [in alternative heritage}. 

2. In the formation of the pollen and the egg cell the two 
antagonistic peculiarities are segregated; so that each ripe 
germ cell carries either one of these peculiarities. 

Of the two antagonistic peculiarities united in the hybrid, 
that which becomes visible in the soma is called by Mendel the 
dominating; that which lies latent is called the recessive char- 
acter. What determines which character shall be dominating 
is still unknown, and the determination of this point offers an 
enticing field of inquiry. In some cases the dominating form 
is the systematically Azgher,; in others it is the older or ances- 
tral form. 

The law of dichotomy may now be developed. When a 
hybrid (monohybrid) fertilization takes place the zygote con- 
tains both the dominant quality (abbreviated @) and the reces- 
sive quality (7). Inthe early cleavages d and + are both passed 
over into both the daughter-cells ; but apparently, at the time 
of segregation of the germ cells, the somatic cells are provided 
with d only, while the germ cells retain both qualities. In the 
ripening of these germ cells, probably in the reduction division, 
ad and 7 come to reside in distinct cells, so that we have 


of the female cells 50% @ + 50% 7, and 
of the male cells 50% d+ 50% r. 


If now hybrids are crossed haphazard, a male d cell may 
unite with either a female d cell or with a female ¢ cell; like- 
wise a male 7 cell may unite with a female d or a female + cell. 
Consequently in the long run we shall have of all the zygotes 


25% d,d + 50% d,r + 25% 7,7, 


or 50% of the zygotes hybrid and 50% of pure blood, and of the 
latter half exclusively maternal and half paternal. But since 
the soma developed from the hybrid germ cell has the domi- 
nant character, we shall have 

75% of the cases with the dominant character 

aoe “recessive “ 
and this agrees with various empirical results, of which the 
following from Correns is instructive. A cross was obtained 
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between a species of pea with a green (g) germ and one 
having a yellow (y) germ. Yellow is dominating. 


31 y (hybrid) peas; produced 12 plants; 


these bore: 
ee 


eC — as 

775 y (hybrid + y) peas (= 75.8%). 247.5 (pure-blooded) 

21 plants were produced. peas (= 24.2%). 

ge eS Se ee 

| 7 (33%) pure- 14 (66%) hybrids, 

| blooded y, because they 20 plants bore: 
because they bore: 

bore: | 


ee aw ——_ ees 

292 y peas. 462 y 149 ¢ 670 green peas. 
(hybrid + y) (pure-blooded) 
peas (= 76.4%). peas (= 23.6%). 





It is clear that if this process of crossing of the hybrids 
continues, the proportion of hybrids to the whole population will 
diminish; for the share of pure-blooded forms breeds true; 
while the originally equal share of hybrids is repeatedly halved. 

If the hybrid is crossed with one of the parents instead of 
with another hybrid, we will 


get (d+ 7r)d=d,d+4,r, and 
(d+r)r=art+rr. 


In the first case all of the progeny will appear of the dominant 
type. In the second case one-half will appear of that type. 
This again agrees with experiment. 

In the case of dihybrids the law of alternative heritage is 
somewhat more complicated. Imagine a lot of ripe germ cells 
with the antagonistic qualities of any pair separated according 
to the second principle stated at the outset. A indicates the 
one pair of qualities and B the other; then we shall have nine 
classes of zygotes, the proportion of each of which is as follows : 
A. 25% d,a 50% dr 


—_—_— —_——_ _-—- —_—" TS a OF 


B. 6.25% dja’; 12.5% dr; 6.25% r,r. 12.5% d,@; 25% d,r; 12.5% r, 7. 
A. 25% 1 r 


pooeememmmnatnanassmcrtesneaseasaneas aio sn 


B. 6.25% d,d; 12.5% d,r; 6.25% 7,7. 
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Thus the first class has 6.25% purely dominant in both charac- 
ters ; the second class, 12.5% purely dominant in one character 
and hybrid in the other, and so on. Recalling that hybrid 
zygotes produce somas with the dominant character, it follows 
that the progeny appear as follows : 


Co 


A. dom. + B. rec. 
A. rec. + B. dom. 
A. dom. + B. dom. . 
A. rec. + B. rec. . 


www 
Sl sl ss 


uw = 
NNOMS 


on 
N NNN 


sz 


“uw 


A result which again agrees with experiment. The resulting 
mixtures of characters in tri to polyhybrids may be likewise 
predicted, by extending the principles already laid down. 
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REGENERATION OF PROPORTIONATE 
STRUCTURES IN STENTOR. 


T. H. MORGAN. 


THE important results of Gruber and of Balbiani on the 
power of regeneration of pieces of Stentor coeruleus opened 
the way for further experiments; and the works of Johnson and 
of Lillie on the same form have added some further results of 
interest. There remained, however, one problem that had not 
been touched upon by these investigators, an answer to which 
is needed to make more complete our knowledge of the regen- 
eration of unicellular forms. I refer to the question of the 
proportionate development of the new organs in pieces of 
different sizes, and from different parts of the body; and also 
the no less important question of the change in size of old 
organs that may be present on the piece at the time of its 
removal. It is the purpose of the present communication to 
describe certain experiments that bear on these questions. 

Although it is evident, in a general way, from the figures 
given by Gruber and by Balbiani that a small piece produces a 
smaller peristome than does a large piece, yet their figures do 
not show definitely that such is the case, and, in fact, it would 
be difficult to determine that such is the case from observa- 
tions made on the swimming animals. The figures that have 
so far been published represent the new stentor as it appears 
while contracted or when swimming. To obtain sufficiently 
accurate data for the problems that I wished to examine, it was 
necessary to make the measurements and drawings from the 
stentor at rest when in a fully expanded condition. The 
object of my work was to find an answer to the following 
questions: 1. Do small pieces produce a new organism having 
the typical proportions of the normal; and does it make any 
difference in this respect as to the part of the stentor from 
which the piece is taken? 2. If a piece containing the old 
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peristome is cut off, will it retain the old peristome, or absorb 
it and produce a new one of proportionate size? If the old 
peristome persists, will it decrease in size until it has assumed 
the typical proportions? 3. If a part only of the old peri- 
stome is left on a piece, will the missing parts be regenerated 
from it, or will a new peristome develop? 

There appeared during January and February in one of the 
aquaria in the laboratory a large number of stentors, whose 
presence seemed to be connected with the appearance of vast 
numbers of vorticellas, on which they fed. The operation of 
cutting the stentor in two or more parts was carried out either 
by means of small scissors, or, in most cases, by a sharp scalpel. 
The latter operation is greatly facilitated by placing the ani- 
mals in a dish of water, the bottom of which is covered by a 
layer of paraffin. 

The following measurements give the length of the normal 
blue stentor and the greatest width of the peristome. 


Length. Width of Peristome. 
2.8 mm. .52 mm. 

1.6 .46 

1.4 .40 

1.7 50 

1.7 48 

1.6 44 

1.9 .48 





If a stentor is cut in two by a cross-cut, as indicated in 
Fig. 1, A, a—a (the anterior piece, 2, being smaller than the 
posterior, C), the cut surfaces of each piece are closed almost 
instantly by the outer layer bending over the exposed part. 
Only a faint, clear line on the surface indicates where the cut 
has been made. The history of the anterior piece is as fol- 
lows: In the course of an hour or two the piece becomes some- 
what more pointed at the posterior end, and then fixes itself 
by a foot that appears at that end (Fig. 1, 2). The posterior 
end now begins to draw out into a stalk, and after thirteen 
hours the piece has assumed the form shown in Fig. 1, 3’. 
The piece is still proportionately too broad for its length, for 
although the peristome has become reduced in size it is not as 
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Fic. 1.—A, contracted stentor to show where the cut was made, a-a; &, anterior end five 
hours after the operation; 31, an anterior piece thirteen hours after operation ; 3?, 53, 
anterior pieces twenty-four hours after operation; 54, anterior piece forty-eight hours 
after the operation. 


C, posterior or foot end of A ; C!, posterior end five hours after operation ; C?, C3, pos- 
terior ends twenty-four hours after operation. 
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yet reduced sufficiently to give the piece the typical propor- 
tions. Two other head-pieces of this same series are shown in 
Fig. 1, 5%, 58, that were drawn twenty-four hours after the 
operation. It is even more evident in these (compare with 
Fig. 2, A, for normal) than in the last that the peristome is too 
broad for the length of the stentor. Even after another 
twenty-four hours one of the pieces had still retained the same 
form as shown in Fig. 1, A. 

The posterior piece, C, fixes itself at once by the old foot, 
and may soon elongate to its full length. In the course of 
two or three hours a clear band appears extending somewhat 
obliquely over the rounded end of the piece (Fig. 1, C). Cilia 
appear along the band. In a few more hours, the rate depend- 
ing on the temperature, the ciliated band moves forward around 
the anterior end of the piece, and in doing so bends around on 
itself into the characteristic peristome. A new peristome- 
field, or disk marked by delicate parallel lines, appears on the 
inner side of the band even before it moves forward, and as 
the band bends around to make the terminal peristome, the 
new disk comes to lie in its central part. A depression, that 
appears at the basal end of the band, forms the pharyngeal 
funnel. The new peristome is smaller than that of the original 
animal, and, as the figures show (Fig. 1, C', C?, C*), it is, in 
some cases, even smaller than the reduced peristome on the 
anterior piece. The foot-piece is also at first very long as com- 
pared with the size of the new peristome ; and this condition 
may remain for several days. 

These results demonstrate that, for some time after the new 
organs have developed, the new stentors retain some of the 
peculiarities of the part of body from which they have come. 
When the pieces are contracted, or are swimming, these rela- 
tions are scarcely evident and might easily escape detection. 

The transformation of an anterior piece into a new stentor 
is much more strikingly seen when only a small part of the 
anterior end is cut off. One set of observations on the same 
individual is represented in Fig. 2. The stentor fully extended 
is represented in Fig. 2, 4d. The anterior end had been cut 
off, as shown in Fig. 2, A!, while the animal was contracted. 
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After its removal the anterior end, 3, contracted still more, so 
that its posterior cut-surface was quickly covered over by the 
bending in of the sides; the disk bulged forward. After a 
few hours the piece became somewhat pointed at its posterior 
end, and then fixed itself by a foot that appeared at the end. 


Cc ; Cc 2 

Fic. 2.—A, 1.4x.4 mm. Stentor fully extended; A!, same contracted, cut in two at a-a; 
B, C, immediately after operation; 31, .56 x .26, anterior end after twenty-four hours; 
B?, .7 x .25, same after another forty-eight hours; 33, .64 x .28, same after another four 


days, ie., seven days after operation; C, 1.2 x .27, posterior end after twenty-four hours; 
C?, 1.2 x .20, same after another forty-eight hours. 


After twenty-four hours (it had been kept in the cold over- 
night, z.c., for ten hours) it appeared as shown in Fig. 2, 4}. 
The old stentor measured 1.4 mm. by .4 mm. This new 
stentor measures .56 mm. by .26. The old peristome has, 
therefore, decreased nearly to half its original width. Two 
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days later (Fig. 2, 5%) the stalk was somewhat longer, and after 
another four days (Fig. 2, 4%) the form had not materially 
changed. The development of the posterior piece of this same 
individual is shown in Fig. 2, C! and C*. The piece is about 
twice as long as the anterior piece, but its peristome is about 
the same size. 

A similar operation was carried out on another individual ; 
the results are shown in Fig. 3, A. A very small part of the 


C! C 


Fic. 3.—A, 1.74. Stentor fully extended; A!, same contracted, cut in two at a-a; B,C, 
immediately after operation; S', .5 x .21, five hours after operation; S?, .5 x .24, three 
days after operation; C', posterior piece, 1.2 x .27, five hours after operation ; C?, same, 
1.6 x .32, three days after operation. In Figs. 2 and 3 one individual used in each. In 
Fig. « several individuals were used. 


anterior end was cut off (Fig. 3, A!). It contained, however, 
the entire peristome and disk (Fig. 3, 8). About thirty hours 
after the operation the anterior piece appeared as shown in 
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Fig. 3, B'. After three days more the new stentor had about 
the same form. The peristome is, as compared to that of the 
original stentor, too wide for the length of the new individual, 
although it is not much more than half the width of the old 
peristome. 

The development of the posterior piece is shown in Fig. 3, 
C1and C?. In this piece, particularly in the earlier stage, C', 
the peristome is smaller than was the original peristome, and 
also relatively smaller as compared with the entire length of 
the animal. 

In order to be certain that the anterior pieces did not pro- 
duce new peristomes during the night, they were kept in a 
cold place when not under observation ; for I had found that 
under these circumstances the formation of a new peristome is 
greatly delayed, even although it may have begun to develop 
before the piece is subjected to the cold. In this way I could 
retard the development of the peristome for twelve hours, so 
that I felt certain that a new peristome had not developed on 
these anterior pieces in my absence. 

In other experiments pieces of different sizes were cut from 
the foot-end in order to see if the size of the new peristome 
that is formed is in proportion to the size of the piece. It was 
found that a smaller peristome develops on a smaller piece, and 
a larger one on a larger piece; and this same relation holds 
also for pieces of different sizes for other parts of the body. 
It has been shown that cross-pieces from the anterior or 
posterior ends retain some of their original peculiarities even 
after the formation of a new individual, and that for several 
days the stentors from anterior pieces are too broad for their 
length, and individuals from the posterior end are too long for 
their breadth. Some of these newly regenerated stentors from 
the anterior pieces were kept for a longer period and supplied 
with food. Their measurements for from one to seventeen 
days after the operation are given in the following table. 
The measurements of three normal individuals of this lot 


were 1.6X.5; 1.4.4; 1.1.4. The experiment began 
February 3. 
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ANTERIOR PIECES OF HALF SIZE OR LESS. 


.22 85 X .32 
2 


.76 X .28 ' 36 

x .23 | 39 

‘ 34 32 

: 35 X .25 Feb. 20. < -40 

( .6 ; , .28 X .2 -40 

= 6 : re 1 ey a8 39 

= 6 68 x. i 39 | 36 
J 25 d .28 


It will be seen from this table that, after feeding, the 
stentors from anterior pieces grow larger. The increase takes 
place both in the peristome and in the length of the piece, so 
that the proportionate size of the disk to the rest of the piece 
remains about the same. The new stentors had begun to 
divide on February 13, and by February 20 there were about 
twice as many present as at first. They have, however, about 
the same proportionate size as at first. The question arises 
whether in the normal stentor the ratio of the breadth of the 
disk to the length of the pieces may not be less than in very 
large individuals. I measured some of the smaller individuals 
found in the aquaria with the larger ones and obtained the 
following results: 1.04 x .36; .72 x .26; .7 x .28; .72X.3; 
Q X .38X.2; 1.1 xX .28; .9x .36x.2; .98 x .28. There is 
seen to be some variation in the relative size of the length to 
the breadth ; that is due in part to the individuals not always 
expanding to the same extent, and also in part to some of the 
measurements of the peristome not having been made in 
the widest part, but there are also actual differences, as some 
very careful measurements have shown. It will be seen that 
while in large stentors the greatest breadth of the peristome 
is about one-fourth, or nearly so, of the total length, in the 
small individuals the breadth is more nearly one-third of the 
length; therefore the peristome is proportionally somewhat 
larger for smaller pieces. Comparing these measurements 
with those of the sizes of individuals derived from pieces of 
the anterior end, we see that they have reached in several cases 
the characteristic form for a small individual. Since there is 
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a good deal of variation in the proportion between the width of 
the peristome and the length of the animal both for small 
normal individuals and for those that have come from anterior 
pieces, it may be stated that pieces from the anterior end may 
produce new stentors whose proportions come within the 
range of variation of size of normal small stentors of about 
the same length. The measurements of posterior pieces, that 
are at first too long for the size of the peristome, show that 
they, too, assume more typical proportions. Thus one of the 
posterior ends of the last series measured, on February 6, 
1.0.25. On February 10, two other individuals in the same 
list measured 1.4 x .38; 1.2 x.4. The peristomial region had, 
therefore, reached the full size. 

A somewhat crude comparison may bring the results home. 
If a man were cut in two at the waist and the pieces behaved 
in the same way as those of stentor, two new individuals 
would develop. The anterior half would produce a small man 
with a head too large for his height, z.¢., his legs would be too 
short for a man with that sized head. Although the old head had 
grown smaller, it would be still too large for the rest of the new 
man. In fact, his proportions would be more like those of a 
baby whose head is relatively too large for his length as com- 
pared with that of a man, and his legs too short. It is just 
this result that we have found for anterior pieces of stentor. 
If the new man were supplied with food, all parts of the body 
would grow larger; but as he got larger his legs would grow 
faster than his head. 

The posterior end of our imaginary man would have at first 
legs too long for his total length, and his new head would be 
relatively too small; but if he were fed his head, shoulders, and 
arms would grow faster than any other part and continue to 
grow until the proportionate size had been reached. If he were 
not fed, it is possible that his head and upper part might 
increase more slowly in size at the expense of the material in 
his legs, and the latter would get smaller until a balance 
was reached. The result would be that a boy rather than a 
baby was produced. 

In other experiments pieces were removed that contained 
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only apart of the peristome. In one series these pieces were 
cut off, as shown by the line a-a in Fig. 4, A; so that there 
was a smaller and a larger piece, the former, 2, containing a 
part of the old peristome, but not any part of the pharyngeal 
funnel, and the latter, the larger piece, C, containing also a 





Fic. 4. — A, stentor partially contracted, cut in two at a-a into small piece, 4, and larger, C; 
5%, piece B after seven hours; S?, B?, B? , piece like AB after twenty-four hours; 
53, B3, B3, same after twenty-nine hours ; 84, 84, B4, same in part after forty-eight hours 
(after operation). C1, C!, piece C after seven hours. 


part of the peristome as well as the funnel. The cut surface 
of each piece is quickly closed by the bending in of the sides, 
and the cut ends of the peristome are generally brought together 
to make aclosed ring. A foot develops on the basal end of the 
anterior piece, B, B', and a stalk is soon produced in that 
region. This piece may remain for twenty-four hours in this 





No.6.) PROPORTIONATE STRUCTURES 1N STENTOR. 321 


condition. Sooner or later a new ciliated band appears on 
the old wall behind the part of the old peristome, as shown in 
Fig. 4, B*. The band moves forward, fusing with the old ring 
at one point and, replacing the latter, produces a new peristome. 
Whether the piece of the old ring is entirely obliterated, or 
whether a part of it remains to contribute to the new peristome, 
I did not determine. The regeneration of a new peristome on 
these pieces may be delayed for several days (Fig. 4, B* ), and, 
in general, does not appear as soon as on pieces that do not 
contain any part of the old peristome. Five or six series of 
experiments of this sort, each series of a number of pieces, 
were made, and the smaller pieces followed with great care. 
Only those smaller pieces were isolated that contained no part 
of the old funnel. Nearly all the pieces behaved in the way 
just described, but in one or two a small funnel developed 
where the cut edges came together. This may have been due 
to a very small piece of the original funnel having been cut off, 
or to the piece having come from very near to the old funnel, 
or, as seems more probable, to the development of a new funnel 
from the old ciliated band. If the last interpretation is correct, 
it shows that in exceptional cases the peristome may complete 
itself. Inthe large majority of cases this does not occur and 
a new peristome and funnel develop at the side and move 
forward. In nearly all cases the cut ends of the old peristome 
come together, meeting in a slight notch. In one or two 
instances one band lay slightly below the other at the meeting 
point, producing a peristome exactly like the normal in shape, 
only the funnel was absent. If a small piece of the old funnel 
is left, it assumes the characteristic position of the funnel, and, 
in fact, becomes such to all appearance, although this peristome 
is generally replaced later by a new one. 

Gruber studied the regeneration of pieces somewhat similar 
to these without a funnel, and states that the remaining part 
of the old peristome gives rise to a new one, but I have not 
found this to be the case. If the piece is kept under close 
observation, the development of a new peristome is found to 
take place in the way just described. The change is sometimes 
so rapid that a few hours may suffice to bring it about. 
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The history of the complementary piece (Fig. 4, C) is as 
follows : After the cut surface has been closed over and the 
edges of the peristome brought together, the piece may imme- 
diately fix itself by the old foot. The piece elongates to its 
full length, which is the same as that of the former animal 
(Fig. 4, C1). In some of these pieces I have observed the 
development of a new peristome in the course of a few hours 
after the operation (Fig. 4, C!). It seems that this takes 
place sooner when only a small part of the old peristome and 
funnel is left than when a larger part remains. In cases in 
which a large part of the old peristome remains a new peri- 
stome may not develop for several days ; and in some cases I 
have not found it to appear at all, but I cannot state positively 
that it does not ultimately appear. Since even normal indi- 
viduals may produce a new peristome, the appearance of a peri- 
stome on these new stentors after several days may be only the 
regular process of renewal of that organ. In two cases, in 
which a new peristome appeared after two days, the old one 
had begun to break down while the new band was developing. 
In all other cases the old part was still active and normal in 
appearance up to the time of its replacement by the new cili- 
ated band. These results show that even in a large piece the 
new peristome is not regenerated from the old one. The 
presence of the old pharyngeal funnel in these pieces does not 
make any important difference in the end result, although it 
may be that pieces of this sort regenerate less quickly than 
when the piece does not contain the funnel portion of the old 
peristome. 

Another experiment that supplements the preceding one in 
several respects consists in cutting the stentor in two, as indi- 
cated by the line a-a in Fig. 5, A. In this case the smaller 
piece, 2, contains the funnel part of the peristome, while the 
larger piece, C, contains the remaining part of the peristome. 

The smaller piece, 2, closes in, develops a foot, becomes 
attached and produces a stalk. The edges of the peristomial 
ring unite more or less, as shown in Fig. 5, 8'. In one case 
a new peristomial band appeared six hours after the operation, 
moved forward, and produced a new peristome (Fig. 5, B!)._ In 
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other cases, in which the piece was small in comparison to the 
size of the remaining part of the peristome, a new peristome 
did not appear in one case until after thirty hours (Fig. 5, B*) ; 
in other cases a new peristome had not appeared at this time 
(Fig. 5, B*). 

The complementary piece (C, Fig. 5) closed in, fixed itself, 
and extended to its full length. In pieces in which the 


vail 


Cc? 


ley 


Fic. 5.—A, stentor partially contracted, cut in two at @-a into a small piece, 4, and a large 
piece, C; B', piece like B after seven hours; 3?, piece like 3 after twenty-seven hours; 
B3, B4, piece like B after twenty-nine hours; C!, C!, piece like C after seven hours; C2, 
piece like C after twenty-nine hours ; C3, C4, piece like C after fifty-one hours. 


remaining part of the peristome, that had united to make a 
ring, was quite small a new ciliated band appeared in four 
hours; in others, in six hours (Fig. 5, C! C1); and in pieces with 
a larger peristomial region, after twenty-four and even after 
fifty-one hours (Fig. 5, C*). It is interesting to note that in 
these pieces the region from which in the normal individual 
the peristomial band is formed has been more or less com- 
pletely removed, yet a new peristomial band may very quickly 
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appear. I did not attempt to determine the position of the 
new band in its relation to the region of closure of the piece. 

In several cases in the last two experiments, and in some 
other experiments like those shown in Fig. 6, A, B}, C1, small 
pieces were sometimes cut off that contained a part of the old 
peristome, but which did not fix themselves, or assume the 
characteristic form. As these pieces were generally small, 
although not below the minimal size, there can be little doubt 
that most of them did not contain any part of the nucleus, and in 
several cases I proved this to be the case by staining the pieces 
in picro-carmine. The result shows that in the absence of the 
nucleus a piece containing a part of the old peristome cannot 
complete the peristome from the remaining part. This is the 


_< 


D! 
Fic. 6.— A, anterior end of stentor cut off and then divided into three pieces. Two of these, 


B', Ct, were apparently without nuclei, and did not produce a new peristome or assume 
the typical form. 


less to be expected since it has been shown that even in nucle- 
ated pieces the new peristome is produced not by the old one, 
but by the development of a new peristomial band. The result 
is interesting in connection with a result obtained by Gruber, 
visz., that if a non-nucleated piece containing a part of the newly 
forming ciliated band is obtained it produces from the band 
a new peristome. My results show that a piece of the old 
band cannot act in this way. That the presence of the 
nucleus is connected with the formation of a new peristomial 
band seems highly probable, but I can easily imagine that 
could a non-nucleated piece be supplied with certain unformed 
elements it might be capable of producing a new peristome. 
The results do not seem to me to show more than that the 
nucleus supplies certain products of metabolism that must be 
present before the protoplasm can successfully carry out its 
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innate tendency to complete the typical form. We are not 
justified, I believe, in drawing the conclusion, as Gruber has 
done, that preformed elements of the peristome exist in the 
nucleus and must be set free in order to initiate the develop- 
ment of a new peristome. 

Lillie has found that the smallest piece of Stentor polymor- 
phus that becomes a perfect form is equal toa sphere of about 
80 in diameter. The average size of the stentors was equal 
to 230m. This makes the volume of the smallest stentor 
about 4 of the normal. For Stentor coeruleus the smallest 
stentors measured 90m (=); mm.), the average normal 
stentor 280 uw (=; mm.). Therefore the former is about 
3 of the latter. 

Although I have not worked specially on this problem, yet 
I have obtained some small stentors that were proportionately 
smaller than those obtained by Lillie. Thus one individual 
measured when extended .25 x — .08 mm., and when contracted 
into an oval or nearly into a sphere .o8 x .08 (=,/y mm.). 
The larger normal stentors measured about .4 x .32 x .32 when 
contracted. Although it is only possible to give a general 
estimate of the relative size of these two individuals, the smaller 
cannot be over ,); of the former. It would be a mistake to 
infer from this, as well as from Lillie’s calculations, that the 
latter came from a piece ;'; or even 5), of the original stentor. 
The protoplasm of stentor is so vacuolated that a piece losing 
the fluid in the protoplasm might become much smaller than 
when first removed. 

Lillie states that he believes that it would be possible to 
obtain a smaller individual of S. coerudeus than 7; mm. The 
one that I obtained was in fact somewhat smaller, vzz., zg mm. 
The difference in our results depends, therefore, rather on the 
size of the normal average stentor with which the comparison 
is made than on the smallest individual obtained. Lillie says 
that he does not think there can be much difference in the 
absolute size of the smallest stentors, whether one uses the 
largest or the smallest normal specimens. It seems to me that 
this may or may not be true, according to what factors may 
enter into the result. 
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The conclusion that a piece ;, or even ,{; of the entire 
animal can produce a new individual can give only a most gen- 
eral idea of the relative size of the smallest piece, since more 
depends on the size of the normal individual than on that of 
the smallest pieces, and there is for stentor a very wide range 
of size that may be called normal. A large normal individual 
may contain eight times the volume of a small normal indi- 
vidual. More significant, therefore, is the absolute size of the 
smallest piece capable of regeneration, and in this respect my 
results are practically in accord with those of Lillie. 

Several experiments were made in which pieces were cut in 
two longitudinally. In a longer or shorter time most of the 
halves produced a new peristomial band that became a new 
peristome. As this experiment did not give promise of much 
that is new, it was tried in only a few cases. 

A few casual observations made during the course of the 
work may be briefly mentioned. The stentors were observed 
dividing on several occasions, but Johnson’s excellent figures 
and account of these stages leave nothing new for me to add. 
I have often noticed that after division the two products are 
found attached side by side, and if they are not disturbed a 
little colony may arise in the same spot. Several times I have 
observed that two individuals that have been formed by division 
of one of the regenerated posterior pieces were unequal in size, 
although I do not know whether the smaller individual was 
the distal or the proximal one. 

As Gruber has pointed out, the first steps in the process of 
division and of regeneration are the same, and this holds also 
for the physiological replacement of the old peristome. In all 
cases a peristomial ciliated band appears on the side and moves 
forward around the anterior end to become the new peristome. 
We have here another illustration that shows that during the 
process of regeneration the factors that appear in the normal 
growth may take part in the regeneration, and this relation 
appears to hold for unicellular as well as for multicellular 
forms. 

In many cases, especially where a somewhat oblique cut has 
been made, the superficial blue stripes come together over the 





No.6.] PROPORTIONATE STRUCTURES IN STENTOR. 327 


cut surface in a most irregular way, yet this does not appear to 
interfere with the subsequent regeneration ; and after a time 
the stripes appear to be more regularly arranged. That a 
certain amount of absorption takes place, and possibly also 
development of new stripes, seems probable, but I have not 
studied these changes in any detail. It would be interesting 
to find out if in cross-pieces of the body the number of the 
stripes remains the same and their size becomes smaller, or 
whether the number of the stripes is proportionately reduced. 

On several occasions I have tried to graft together pieces of 
different stentors, but the exposed surfaces close so quickly 
that I have not been able to get the pieces to unite. It does 
not seem altogether improbable that the result could be 
brought about by cutting two stentors at the same time, one 
about the other. A lucky cut might bring two exposed inner 
surfaces together, and they might stick to each other, but 
so far I have not been able to carry out successfully this 
experiment. 


In a few cases the stentor was split partially in two pieces, 


but generally the halves soon fuse together. It is of some 
interest to find that, although the peristome was cut in two 
and had reunited, a new peristome was not produced, showing 
that the operation alone does not initiate the changes that lead 
to the development of a new peristome. 

The development of a new peristome in a piece that contains 
a part of the old one appears to be due to the lack of propor- 
tion between the old part (even when it contains all the essen- 
tial parts of the peristome) and the rest of the piece. This 
result is unique, since in all other forms in which a part of an 
old organ remains the new organ regenerates from that part. 
In stentor this does not occur, but a new organ is produced. 
It is important to observe, however, that this is the character- 
istic way in which stentor produces a peristome, so that the 
organisms make use of a process that already exists. The 
reduction in size of the old peristome in pieces from the 
anterior end is the result that has most interested me. It 
seems to be due to the withdrawal of material from the ante- 
rior region to form the body and stalk of the new stentor. 
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The change in shape of the piece, z.e., the production of the 
typical form, is primarily the result of a shifting of the material 
that carries with it a loss of material in the old part. Other 
so-called formative factors may have some share in the reduc- 
tion in size of the old peristome to one proportionate to the 
rest of the piece, but the simple loss of material will, I think, 
account for the greater part of the change. 

What primarily brings about this change in the material so 
that the typical form is produced is a question to which at 
present there is no answer. 


BRYN Mawr, March 12, 1901. 
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I. FISSION AND REGULATION IN STENO- 
STOMUM LEUCOPS. 


C. M. CHILD. 


Tue single individual of Stexostomum differs considerably 
in size, according to conditions. Well-nourished specimens 
may reach a length of nearly one and one-half millimeters, 
while specimens measuring only one-half millimeter are often 
found when food is scarce. The length is about eight or 
ten times the transverse diameter. 

The animals usually occur in chains, the number of zodids 
varying from two to nine. Ordinarily chains do not consist 
of more than five zodids, the uneven number being due to the 
fact that the anterior zodid precedes the others in division. 
The short chains of two or three zodids occur when food is 
scarce. In well-nourished specimens the fissions succeed each 
other more rapidly, and longer chains are the result. Each 
particular septum occurs, with little variation, in a definite, 
characteristic position, this apparently being determined largely 
by the relative degree of development of the two ends of the 
zodid which it divides. 

Entodermal tissue is necessary for regeneration. Portions 
containing all the other tissues of the body except entoderm 
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do not regenerate, but if a small portion of the entodermal 
digestive sac be present regeneration is complete, provided 
the piece is above a certain size. 

If a chain be artificially separated into its zodids before they 
have attained their full development, each zodid undergoes a 
form-regulation, assuming within a few hours what may be 
called the normal proportions, 7.e., the length becomes eight 
or ten times the transverse diameter. This regulation does 
not occur while the individual is a zodid in a chain, because 
the whole chain is not simply a series of individuals, but in 
some degree a single individual, and therefore possesses cer- 
tain proportions differing from those which each zodid would 
possess if single. 


When the chain is cut at various points between the zones 
of fission, the results differ according to the degree of develop- 
ment of the particular zone of fission concerned and the parts 
adjoining it. If a piece containing a very young septum be 
cut out from a chain, the septum disappears and a single 
perfect individual is formed from the parts, which originally 


belonged to two different zodids. A head is regenerated at 
the anterior cut surface, a tail at the posterior end. If the 
included septum be more fully developed, it remains, and 
the part anterior to it is completely absorbed by the part 
posterior to it, the head of the new individual resulting being 
the head which was forming just posterior to the septum. 
The relative size of the parts anterior and posterior to the 
septum does not affect the result, unless the posterior piece 
be very small. It is always the anterior part which is 
absorbed, never the posterior. If the septum be still more 
advanced in development, the portion anterior to it is only 
partly absorbed. It regenerates a new head and becomes a 
perfect zodid, though at first it decreases in size, owing to the 
partial absorption. 

In general each zodid tends to absorb material from the 
zodid anterior to it. Each zoéid, however, offers a certain 
resistance to this absorption, the resistance increasing as it 
approaches the condition of independent individuality. When 
the individuality of a zodid is destroyed or reduced to a lower 
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degree, ¢.g., by cutting it in half, the posterior half may be 
completely absorbed by the zodids posterior to it. 

The sexual individual arises as a zodid in a chain, but when 
the sexual organs appear, asexual reproduction ceases. The 
single sexual individual may, however, attain a length equal to 
that of the longest chains. The power of regeneration is much 
less in the sexual than in the asexual condition. Apparently in 
the former the energy is chiefly directed toward the elabora- 
tion of the sexual products. 


Il. THE OCCURRENCE OF GUNDA SEGMENTATA 
IN AMERICA. 


WINTERTON C. CURTIS. 


A species of Gunda, which in its external features seemed 
identical with the G. segmentata of Lang, was found in large 
numbers at Sandwich on Cape Cod. The internal arrangement 
is not, however, as regular as Lang describes for G. segmentata. 
From a comparison with Verrill’s figure of Procerodes ulvae 
collected in the same region (7vans. Conn. Acad., Vol. VIII, 
January, 1893), it is probable that the two forms are identical 
and that Verrill has figured the head incorrectly. 


III. SOME DISPUTED POINTS IN THE ANATOMY 
OF THE LIMPETS. 


M. A. WILLCOX. 


Tue following points were made: 


1. The space previously described by Willcox as the nephrid- 
ium is lined throughout by more or less columnar cells pro- 
vided with long, delicate cilia and loaded in the fresh condition 
with dark green granules. The histology lends no counte- 
nance to Haller’s contention that the posterior part of this 
sac represents coelom, the anterior nephridium. 
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2. The space which in most species of Acmaca underlies 
the viscera on the left side in A. testudinalis stretches almost 
across the body, and lacks entirely the ciliated cells character- 
istic of the nephridium. This negatives the opinion that the 
space in question is a paired structure whose fellow of the right ° 
side is represented by the posterior part of the nephridium. 

3. A subradular organ, whose presence in the Docoglossa 
has been denied, exists in both A. testudinalis and A. fragilis. 
It is situated on the underside of the odontophore, just behind 
the tip of the radula, and is a triangular, somewhat cushion- 
shaped organ, divided by a V-shaped groove into an anterior 
and a posterior part. The posterior part is marked by trans- 
verse grooves and is covered by tall, columnar epithelial cells, 
some of which seem to be ciliated, while others are somewhat 
fusiform and have much the appearance of sense cells. The 
innervation has not been traced, but no ganglia are to be found 
in the organ. The subepidermal portion consists of connective 
tissue with scattered and inter-crossing muscular fibers. 


IV. THE HABITS AND LIFE HISTORY OF ARGU- 
LUS WITH REFERENCE TO ITS ECONOMIC 
IMPORTANCE. 


CHARLES B. WILSON. 


In the town of Warren, Mass., is a small pond which was 
stocked with carp and bass several years ago. The fish 
seemed to thrive well until the fall of 1899, when they began 
to die off in considerable numbers, with no apparent signs of 
disease or injury. No clue to the cause of the devastation 
could be obtained till the spring of 1900, when several suckers 
were speared in the outlet of the pond whose gill chambers 
were full of the parasitic copepod Argudus, probably A. cato- 
stomt, The gentleman who owned the pond stated that these 
copepods were common on most of the fish caught there, and 
his statement was afterward verified. On being put in an 
aquarium with dace, roach, and bream, they attacked these fish 
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viciously and the next morning they were found dead. Argu- 
lus deposits its eggs instead of carrying them around like other 
crustaceans, arranging them in rows on sticks, stones, etc., 
with their long diameters parallel. 

When laid they are covered with a jelly envelope consist- 
ing of beads of jelly arranged in rows parallel with the long 
diameter of the egg. These harden into a brittle shell. The 
eggs are fertilized outside the body of the female and there 
is no copulation. The egg hatches into a typical nauplius, 
which after one or two moults changes into a metanauplius 
having highly developed clasping organs in the shape of barbed 
claws terminating the second maxillae. On putting two small 
dace into the aquarium with about two hundred of these larvae, 
the latter made no attempt to use their claspers, but the fish, 
on recovering from their fright, ate up every one of the larvae. 
On inquiry it was found that the pond in question had been 
seined for three years, and that the dace and roach had been 
sold for pickerel bait. First conclusion, the subject of para- 
sitism is not so one-sided as would appear at first sight. 
Second conclusion, the protection of small fish like dace and 
roach in our fish ponds may be one of the best preventives 
against such parasites as these. 


V. THE ANATOMY AND DEVELOPMENT OF THE 
POSTERIOR VENA CAVA IN DIDELPHYS 
VIRGINIANA (KERR, LINN.). 


Cc. F. W. McCLURE. 


AN examination, thus far, of forty-eight opossums has brought 
to light many interesting variations concerning the mode of 
formation of their posterior vena cava. 

These variations are so pronounced and so closely accord 
with certain embryonic conditions described by Hochstetter 
for Echidna aculeata, it seems to the writer as not improbable 
that the development of the posterior vena cava may take place 
in Didelphys and Echidna in substantially the same manner. 
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In all marsupials hitherto examined (Petaurus taguanoides 
excepted) the posterior vena cava has been found to lie ventral 
to the aorta between the renal and common iliac veins, and to 
be formed through a union of the common iliac veins, which 
takes place ventral to the arteries. 

In Didelphys virginiana the posterior vena cava is not formed 
in this manner. 

In fact, the mode of formation of the posterior vena cava 
was found to be so variable in Didelphys virginiana that it is 
quite impossible to assign any one mode of origin for this 
vessel which may be regarded as typical of the species. 

For descriptive purposes the various modes of origin of the 
posterior vena cava in Didelphys have been classified by the 
writer under three main types as follows : 

Type J includes those cases in which the internal iliac veins 
unite with the external iliac veins to form the posterior vena 
cava, ventral to the common iliac arteries or ventral to the 
aorta. 


Type II includes those cases in which the internal iliac 


veins unite with the external iliac veins to form the posterior 
vena cava, dorsal to the common iliac arteries or dorsal to the 
aorta. 


Type IH includes those cases in which the internal iliac 
veins unite with the external iliac veins to form the posterior 
vena cava, both dorsal and ventral to the common iliac arteries 
or both dorsal and ventral to the aorta. 

So many variations of this type were met with that a 
further subdivision of Type III was found necessary, as 
follows : 

Type III, A, includes those cases in which the principal 
union between the internal and external iliac veins lies ventral 
to the arteries in question. 

Type IIT, B, includes those cases in which the principal 
union between the internal and external iliac veins lies dorsa/ 
to the arteries in question. 

Type III, C, includes those cases in which the above- 
mentioned dorsal and ventral unions are sub-egually de- 
veloped. 
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The following table shows how the above-mentioned types 
were distributed among the forty-eight individual opossums 
examined (twenty-four males and twenty-four females). 


Toran. 
Type I 


Type Il. . 


Type III 
A 


B 





C 


Tota. 


A comparison with the development stages in Echidna 
aculeata shows, I think beyond the question of a doubt, that 
the variations in the method of formation of the posterior vena 
cava in Didelphys, so far as its posterior tributaries are con- 
cerned, are modifications of a ground plan arrangement similar 
to that described by Hochstetter for his Echidna embryo 
No. 45. 

The writer's investigations upon the development of the 
posterior vena cava are as yet incomplete. So far as they 
have gone, however (an examination of five 15-millimeter 
embryos), they decidedly favor the above conclusions. 


VI. THE CROSSING OF THE OPTIC NERVES 
IN TELEOSTS. 


G. H. PARKER. 


In ten species of symmetrical teleosts, in each of which one 
hundred specimens were examined, the right optic nerve was 
dorsal at the crossing about as frequently as the left. The two 
types of crossing (right nerve dorsal and left nerve dorsal) 
were not correlated with sex and were about equally frequent 
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in specimens taken from one school of fish. In one hundred 
specimens of the winter flounder (Pseudopleuronectes ameri- 
canus), whose eyes are on the right side, all had the left nerves 
dorsal. In seventeen specimens of the summer flounder 
(Paralichthys dentatus), whose eyes are on the left side, all had 
the right nerves dorsal. In one hundred specimens of the 
stellate flounder (P/atichthys stellatus) all had the left nerves 
dorsal, notwithstanding the fact that fifty of these fish had their 
eyes on the right side and fifty on the left. Although each 
species of symmetrical teleosts examined showed about equal 
numbers of the two possible types of optic nerve crossing, 
the flounders showed only one type for each species. 


Vil. A NEW TYPE OF BUDDING IN ANNELIDS. 


H. P. JOHNSON. 


Two gigantic undescribed species of Pacific coast Sy/lidae 


produce reproductive zodids by collateral budding from a defi- 
nite proliferating region near the posterior extremity. 

The single specimen of the larger species (77ypanosyllis 
ingens, Sp. nov.) at my command was too poorly preserved for 
thorough study, but what I have learned about its budding 
agrees essentially with the fuller knowledge acquired from the 
other species. The buds numbered about thirty, all turgid 
with nearly ripe ova. No very young buds were detected, as 
in the succeeding species. 

Of the other species (77ypanosyllis gemmipara, sp. nov.) I 
have several specimens, but only one with buds. They develop 
from a proliferating region twenty somites anterior to the 
pygidium. Theadvanced buds are broadly elliptical, and much 
flattened dorso-ventrally. Each is attached at its head-end by 
a short pedicle. The somites number 20-28, with parapodia 
which are miniatures of those of the parent. The prostomium 
has large eyes, a pair of antennae, and brain. Thereare a pair 
of ventral nerve cords, a muscular system, septa, and large 
paired masses of sperm cells in every coelomic chamber from 





No. 6.] AMERICAN MORPHOLOGICAL SOCIETY. 337 


prostomium to pygidium. Purely vegetative organs (e.g., mouth, 
alimentary canal, anus, and nephridia) are absent, although a 
rudiment of the alimentary canal may exist as a median strand 
of tissue extending the length of the bud. 

The youngest buds form a cluster of about twenty-five 
attached to the right side of the zone of proliferation, on its 
ventral aspect. The earliest-formed organs are the anal cirri, 
at first two distal protuberances which elongate and become 
moniliform before the bud segments. Apparently the bud 
contains only ectoderm and mesoderm, which are continuous 
with the same germ layers of the proliferating region. 

In neither species are there any reproductive cells in the 
body of the parent anterior to the proliferating region, but 
sperm cells are present in 7. gemmipara in the twenty parental 
somites back of this point. 


VIII. AMPHIBIAN STUDIES. 
J. S. KINGSLEY. 


TueE following are the chief points made in the paper: 

1. The Salamandrina form the central Urodele stem, and the 
Perennibranchs and Derotremes have been derived from this 
stem by degeneration and the retention of larval characters. 

2. The Urodeles cannot have been the ancestors of the Anura ; 
the anuran tadpole resembles the Urodele only in superficial char- 
acters ; the Anura have descended directly from the Stegocephala. 

3. Amphiuma has no tentacular apparatus at any stage; 
what was described as such by Davison was a trematode 
parasitic in the suborbital blood vessel. 

4. The Caecilians differ from all Urodeles in the fact that 
the palatine nerve receives a branch from the ophthalmicus 
profundus instead of from the maxillaris superior nerve. 

5. The Caecilians have not descended from the Urodeles, nor 
is Amphiuma a neotaenic Caecilian. The Caecilians are degen- 
erate in loss of limbs and tail; in all other respects they are the 
most primitive of living Amphzdza. 
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6. No Stegocephalan as yet known can have served as ances- 
tor of Urodeles, Anura, or Caecilians. The parent form must 
have possessed characters intermediate between the known 
Stegocephali and the Crossopterygian ganoids. 

7. The ancestry of the Amphibia must be sought in the 
Crossopterygit and not in the Dipnoz. 

8. The balancer of the Urodele larva is a modified external 
gill belonging to the hyoid arch. 


IX. PHAGOCYTOSIS IN A MAMMALIAN OVARY. 
MAYNARD M. METCALF. 


It has long been known that in the ovaries of certain Mam- 
mals and Fishes syncytia of young ova are found, and that of 
the several nuclei in such a syncytium one or but few persist 
as nuclei of definitive ova. Apparently, in these cases, the cells 
which disappear are used as food for the persistent ova. 

In the ovary of the common Cat somewhat similar conditions 
have been observed by the author. Many of the young ova, in 
the stage when they are surrounded by a follicle consisting of 
but two layers of cells, are seen to have ingested many of the 
follicle cells, and the nuclei of these ingested cells can clearly 
be seen, some quite perfect (newly ingested), others apparently 
in different stages of digestion. The nuclei of these ingested 
cells, when almost completely digested, appear as groups of 
granules, these granules being apparently the remnants of the 
nodal thickenings of the chromatin network of the ingested 
cells. Such an ovum with its ingested nuclei very closely 
resembles the young blastomeres of a Sa/pa embryo, which 
have the same habit of devouring follicle cells. 

Many young ova with ingested follicle cells were found in 
one Rat ovary. In another ovary of a White Rat no ingestion 
of follicle cells was found, nor was ingestion found in the ovary 
of a Gray Squirrel examined. Pressure of other duties has 
prevented the author from determining if such ingestion of 
follicle cells be normal in the ova of Rats and, if so, what 
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relation, if any, it may have to the age of the individual or 
to its condition as regards reproduction. The observations are 
reported in the hope that other observers may have them in 
mind. If the phenomena are at all general among Mammalia, 
they should be seen in many laboratories in the usual histo- 
logical demonstrations. 

Similar phenomena are, of course, well known in several 
groups of /zvertebrata. 


X. THE MAMMALIAN LOWER JAW. 
W. H. RUDDICK anp J. S. KINGSLEY. 


In no adult mammal, recent or fossil, is the lower jaw known 
to consist of more than a single bone, and no author, save W. K. 
Parker, whose observations appear to have been overlooked, has 
shown the existence of more elements in its development. We 
are able to confirm Parker in his account and to identify in the 
mammals the following bones of the non-mammalian groups: 
(1) articulare, (2) angulare, (3) splenial, (4) dentary. Of these, 
articulare and angulare unite to form the malleus, while the 
definitive lower jaw is composed of dentary and splenial. Two 
cartilages participate in the formation of the lower jaw, — the 
Meckelian and a second larger cartilage lying external to this, 
which, like Parker, we homologize with one of the lower labials 
of the /chthyopsida. In its ossification this cartilage is strik- 
ingly similar to amphibian cartilages, and the resulting bone — 
a part of the dentary — gives rise to the posterior part of the 
lower jaw, including the coronoid and articular processes. In 
the existence of this lower labial is to be found the explanation 
of the shifting of the articulation of the lower jaw. It is note- 
worthy that a lower labial occurs in about the same position in 
the ganoid Polypterus. 
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XI. AN APPARATUS IN THE CENTRAL NERVOUS 
SYSTEM OF VERTEBRATES FOR THE TRANS- 
MISSION OF MOTOR REFLEXES ARISING 
FROM OPTICAL STIMULI. 


PORTER EDWARD SARGENT. 


In Amia, at about the time of hatching, there arises in the 
anterior portion of the roof of the optic ventricle a group of 
cells, eighty to one hundred in number, formed by the differen- 
tiation of indifferent neuroblasts. During the first and second 
days of larval life the axons develop from these cells as excced- 
ingly fine processes, growing directly toward and into the optic 
ventricle. Early in the third day the adjacent axons come 
together in groups and coalesce at their tips, in their further 
growth through the cerebro-spinal fluid appearing as a single 
fibril. Later these fibrils coalesce with others similarly formed, 
and in their growth pcsteriorly through the ventricles and 
canalis centralis form what has been known as Reissner’s fibre, 
which is then a fibre tract made up of many axons closely 
united and surrounded by a single medullary sheath. Through 
the posterior portion of its course there come off from it fine 
fibrils which pass through the canal obliquely backwards and 
enter the tissue of the cord. 

In the first day after hatching there may be found in the 
extreme posterior end of the canalis centralis a number of 
small cells, three to four micra in diameter, lying in the lumen 
of the canal and ventriculus terminalis. Some eight to ten 
of these cells persist and continue to develop. Increasing 
rapidly in size, they become spindle-shaped and send their 
axons cephalad through the canal. The axons are at first 
separate, but later coalesce as they grow forward, and, 
eventually meeting the system of axons from the cells of 
the tectum growing posteriorly, the two interweave in a way 
not yet clearly made out. 

The development of this apparatus in Amza is typical of 
its development in all vertebrates, though in some groups 
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there are considerable variations. In the Skate the cells are of 
conspicuous size, and three to four hundred in number. They 
are multipolar, sending processes to the ectal portion of the 
tectum, where they come in direct contact with the endings of 
the optic nerve fibres and give rise to two fibre tracts, one of 
which passes posteriorly to the cerebellum, the other anteriorly 
and out into the optic ventricle to form the Reissner’s fibre. 
In reptiles and birds the apparatus appears at a late stage and 
is not fully established until just before hatching. 

In Petromyson this apparatus is not fully established until 
the second month of larval life. The cells, about twelve in 
number, form a well-marked nucleus. Reissner’s fibre passes 
through the optic ventricle, reénters the brain tissue, and again 
emerges into the fourth ventricle. Thus Petromyzon furnishes 
the connecting link between the condition in the Gnathostomes 
and Amphioxus. In the latter the largest and most anterior of 
the colossal dorsal cells lies across the central canal, is in direct 
connection with the pigment spot, and sends its axon caudad 
through the cord in the median plane just ventral to the canal. 
This axon probably represents Reissner’s fibre. 

There are many lines of evidence which lead me to assign 
the function I have to this apparatus. 

1. The cells are in direct connection with the endings of 
the optic nerve, and with the cerebellum. The axons pass by 
the shortest path posteriorly through the central canal, and 
probably out through the ventral roots to the musculature. 

2. When the fibre is cut in Sharks or Dogfish they evidence 
an inability to respond quickly to optical stimuli. 

3. In the vertebrates of the cave fauna the apparatus degen- 
erates as the eye degenerates. 

4. In no animal does the apparatus reach complete develop- 
ment until just before the animal attains free life. 

5. In those animals which are sluggish at hatching (Petro- 
myzon, Amia), the apparatus is not fully developed until a con- 
siderably later period. 

6. In those mammals which are born blind (Mouse, Kitten), 
the apparatus is not fully established until about the time the 
eyes become functional. 
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7. In any one group, as the Teleosts, the apparatus has its 
highest development in those species which are most active. 

8. The corpora quadrigemina of higher vertebrates are con- 
cerned only with reflex functions; therefore this apparatus 
must have a reflex function. 

Such a short circuit avoiding the loss of time in passing 
through a chain of neurones must be of great importance in 
saving time, amounting perhaps to a considerable fraction of 
a second. An animal suddenly presented with some optical 
evidence of danger from which it recoils in fear, does so reflexly, 
calling into use this apparatus. When we consider that in the 
struggle for existence the saving of a fraction of a second is 
often a matter of life or death, it becomes evident that this 
apparatus has played an important part in the survival of the 
fittest, and in the whole evolutionary process throughout the 
vertebrate series. 


XII. THE SIGNIFICANCE OF THE SYNAPSIS 
STAGE OF THE GERM CELLS. 


THOS. H. MONTGOMERY, Jr. 


In the germinal cycle of the J/etazoa may be distinguished 
in succession the following main stages: the conjugation of the 
maternal and paternal cells (fertilization), a number of genera- 
tions of ovogonia (or spermatogonia), then the growth period, 
and finally the stage of the two maturation divisions. The 
reduction in the number of the chromosomes, 7.¢., the formation 
of bivalent chromosomes, is not effected by either of the mat- 
uration mitoses, but during that portion of the growth period 
known as the synapsis stage. The bivalent chromosomes are 
formed by a union, end to end, of every two univalent chro- 
mosomes, as I have shown in a paper on the spermatogenesis 
of Peripatus, just published, and in another on the spermato- 
genesis of the Hemiptera, now in press. 

Heretofore no one has shown exactly how the bivalent chro- 
mosomes are produced, and no one has given any adequate 
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explanation for the reason of their formation. My comparative 
studies on the spermatogenesis of a considerable number of 
species of Hemiptera, which have brought to light certain facts 
of importance for determining these questions, render it probable 
that in the process of formation of the bivalent chromosomes we 
have a conjugation of paternal with maternal chromosomes. This 
would then be the final stage in the fertilization of the germ cells ; 
it would be a conjugation of the chromosomes of different parent- 
age producing a rejuvenation of them as metabolic centers of 
the cell; and this rejuvenation finds its expression in the great 
changes of the growth period. Then, probably, the reduction 
division takes place, in order to separate again the conjugating 
chromosomes, as two conjugating /zfusorta unite and then sep- 
arate after the accomplishment of the rejuvenescence. 

In the space of a short abstract it is not possible to give the 
evidence for these conclusions. 


XIII. A STUDY OF THE PHENOMENA OF 
FERTILIZATION AND CLEAVAGE 
IN ETHERIZED EGGS. 


EDMUND B. WILSON. 


A, 


Ir fertilized eggs of Toxopmeustes, after the formation of 
the cleavage-figure, be placed in a 2.5% solution of ether in 
sea water, the astral rays quickly fade out, as was long since 
observed by O. and R. Hertwig in sea-urchin eggs treated by 
solutions of chloral hydrate or sulphate of quinine. The clear 
hyaloplasm masses forming the astral centers are thus left as 
well-defined, slightly irregular, non-radiate areas, connected by 
the spindle-area. If the eggs are replaced in sea water, the 
rays are rapidly redeveloped and cleavage may proceed nearly 
or quite normally. Even if left in the ether solution, how- 
ever, the nuclear division may be completed, the daughter- 
nuclei being re-formed and growing to their normal size, but 
no cytoplasmic division occurs, —a result similar to the earlier 
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ones of Demoor on the division of plant cells z# vacuo, or in 
an atmosphere of COx,, and to those of Loeb and Norman on 
Arbacia eggs in sea water concentrated by the addition of a 
small percentage of chloride of sodium or magnesium. If the 
strength of the ether solution be now somewhat reduced, by 
evaporation or by the addition of sea water, the asters reap- 
pear, though not attaining full development, and progressive 
nuclear division may occur without cytoplasmic cleavage. In 
this case the egg may give rise to a syncytium, containing 
from four to sixty-four or more nuclei, which migrate towards 
the periphery so as to take up nearly the same position as 
they would have had in a segmented blastula. This phenomenon 
strikingly recalls that which normally occurs in the cleavage of 
many arthropod and some coelenterate eggs. At each nuclear 
division an attempt is made at a corresponding cytoplasmic 
division, but this is usually unsuccessful; or, in case division 
occurs, the cells subsequently fuse together to repeat the 
attempt at the next nuclear division. This, again, is closely 
similar to the ineffective early attempts at cleavage in such 
eggs as those of Renilla. If the eggs be replaced in sea water 
when the process is not too far advanced (4-32 nuclei), cleavage 
may occur of a multiple type almost exactly like that occurring 
in Renzd/a, and a normal blastula may arise; but the cleavage 
is often irregular or incomplete. 

These observations support the conclusion indicated in the 
preceding paper, that the astral rays are not fixed and per- 
manent structures, but an expression of a form of cytoplasmic 
activity, partly in the nature of protoplasmic currents, that 
may be inhibited by temporary paralysis of the cytoplasm. 
They indicate also that the astral rays are connected with 
cytoplasmic rather than with nuclear division, and support the 
interpretation, offered by the author many years ago, of the 
variations of cleavage observed in Renilla. 


B. 


If Zoxopneustes eggs be placed in 2.5% ether solution one 
minute after fertilization, formation of the sperm-aster is com- 
pletely suppressed. The sperm nucleus, however, slowly moves 
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inwards and gradually enlarges, becoming finally (1-2 hours) 
as large as the egg nucleus and indistinguishable from it. In 
some cases, though this is not very common, the two nuclei 
approach and finally completely fuse to form a typical cleavage 
nucleus. If in the earlier stages of the process (before union 
of the germ nuclei and while the sperm nucleus is still not 
more than two-thirds the diameter of the egg nucleus) the 
eggs be replaced in pure sea water, the sperm-aster is rapidly 
developed, centering in a point at one side of the sperm 
nucleus, and development may proceed normally; but this 
result was never obtained after the germ nuclei had _ united, 
probably because the action of the ether had been too pro- 
longed. In a few cases, after replacing the eggs in sea water, 
the sperm-aster was observed to divide and form an amphiaster 
before union of the germ nuclei. In this case the sperm 
nucleus at the time of union had assumed the vesicular form, 
though still somewhat smaller than the egg nucleus. One 
such case was followed out and found to give rise to a normal 
larva. In such cases the effect of the ether has been to trans- 
form the type of fertilization from that characteristic of the 
sea urchins into that observed in starfishes, or in many worms 
and mollusks, where an amphiaster is formed before union of 
the germ nuclei and the latter are approximately equal at the 
time of union. 

The foregoing facts show, in general accordance with the 
early work of O. and R. Hertwig, that growth of the sperm 
nucleus and approach and fusion of the germ nuclei may take 
place quite independently of the sperm-aster; further, that 
approach of the nuclei is probably not a simple chemotactic 


phenomenon, since it is very greatly delayed by etherization of 
the egg. 


CG. 


In some of the etherized eggs, after replacement in sea 
water, the nucleus failed to divide at the first cleavage, the 
whole of the chromatin passing to one pole and re-forming 
as a single nucleus. Such eggs divide into a nucleated and 
a non-nuclegted half, the latter containing only an aster, as in 
the case of some of the non-nucleated egg fragments fertilized 
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by a single spermatozoén observed by Boveri. In such cases 
the asters in both halves multiply progressively at the same 
rate, but complete division occurs in only the nucleated half. 
In the non-nucleated half, however, each aster becomes sur- 
- rounded by a deep constriction which afterwards fades out. 
This result stands intermediate between those of Boveri and 
Ziegler. As in the case of the magnesium eggs, an aster un- 
accompanied by nuclear material forms a division center of the 
surrounding cytoplasmic area, but is here apparently unable to 
effect complete division in the absence of chromosomes. 


XIV. EXPERIMENTS UPON THE INFLUENCE OF 
THE SEXUAL CELLS UPON THE 
SOMATIC CELLS. 


GEORGE WILTON FIELD. 


1. Of the sexual cells of one individual upon the somatic 
cells of another individual. 

This is generally held to be a phase of Telegony. Several 
instances have been cited by Gadow, Nathusius, and Bulman 
to show that the spermatozoa affect the somatic cells which 
secrete the eggshell. Thus, the shell of eggs of fowls which 
normally lay brown eggs are said to become lighter in color 
when the birds are mated with a male of a breed which lays 
white eggs; and conversely, white eggs become brownish, if 
the birds are mated with a male of a breed which lays 
brown eggs. 

Our experiments were carried on at the Rhode Island Agri- 
cultural Experiment Station upon Leghorn pullets (white eggs) 
mated to a Light Brahma cock, and upon Light Brahma pullets 
(brown eggs) mated to a Leghorn cock. By means of trap 
nests the series of eggs Iaid by each individual was followed ; 
no departure from the ordinary normal color of the egg- 
shell could be observed. 


2. Of the sexual cells upon the somatic cells of the same 
individual. 














No.6.] AMERICAN MORPHOLOGICAL SOCIETY. 347 


In addition to observations upon the changes in the sec- 
ondary sexual characteristics induced by castration, the effect 
of absorption of testicular material through the peritoneum 
was the end in view. 

Upon castration the testes of the cockerel were returned 
free into the abdominal cavity. After six weeks a living ripe 
testis, one inch long, was introduced into the abdominal 
cavity through an incision anterior to the last pair of ribs. 
The experiment was conducted on a scale too small to abso- 
lutely determine how far the results were due to direct regen- 
eration of the testes, and how far to absorption of the 
introduced testicular material. Two points, however, were 
demonstrated: (1) that the testes do regenerate; (2) that the 
introduced testicular material was absorbed. In one case it 
seemed clear that the secondary sexual characteristics devel- 
oped solely as the effect of the absorption of the introduced 
testicular material, without regeneration of the testes. In 
another individual similar conditions were strongly indicated, 
but were obscured by a pathological growth. 


XV. THE MORPHOLOGICAL PHENOMENA IN- 
VOLVED IN THE CHEMICAL PRODUCTION 
OF PARTHENOGENESIS IN SEA URCHINS. 


EDMUND B. WILSON. 


In accordance with Loeb’s important discoveries on Ardacia, 
unfertilized eggs of Zoxopmeustes, when treated by the mag- 
nesium chloride method, may segment and give rise to free- 
swimming blastulas, gastrulas, and Plutei. There is always a 
considerable proportion of abortive and monstrous forms, and 
none of the stages are exactly like those arising from fertilized 
eggs, though often closely similar to them. The Plutei pos- 
sess, however, the characteristic arms, pigment, skeleton, and 
divisions of the gut. That these eggs have not been acci- 
dentally fertilized is proved by the fact, demonstrated to the 
society by an exhibition of sections, that during cleavage they 





8 ABSTRACTS OF PAPERS. Vo-. II. 
34 


show but half the usual number of chromosomes, namely, 
eighteen instead of thirty-six. The same conclusion is reached 
by the study of the other internal phenomena, which differ in 
a characteristic way from those occurring in normal fertiliza- 
tion, though showing an interesting parallel to them. 

The eggs, even of the same individual, show a very high 
degree of variability in their response to the solution. Great 
numbers of incomplete or abnormal forms of mitosis occur. 
The most interesting of these are cases in which the nucleus 
becomes the center of formation of a single aster (monaster), 
which never resolves itself into an amphiaster but nevertheless 
passes through periodic changes parallel to those occurring in 
complete mitosis. Thus, such an aster may appear, nearly dis- 
appear, and reappear as many as six times in succession, the 
nucleus simultaneously disappearing and re-forming. In such 
cases the chromosomes divide, probably at each disappearance 
of the nucleus, and may thus become very numerous, without 
division of the nucleus or of the cell body. In other forms of 
incomplete mitosis the single aster may give rise to an amphi- 
aster, but the nucleus fails to divide. 

In all the eggs capable of development, the initial change is 
an irregularity in the cytoplasmic meshwork, followed by the 
appearance of a primary radiation centering in the nucleus, 
the gradual formation of a perinuclear clear zone of hyalo- 
plasm, and the growth of the nucleus. In many of the eggs a 
number of separate asters (cytasters, equivalent to the “ arti- 
ficial astrospheres’’ of Morgan), having no direct relation to 
the nucleus, are formed in the cytoplasm in addition to the 
primary radiation. At the centers of these asters hyaloplasm 
likewise accumulates. Growth of the nucleus is followed by 
disappearance of the nuclear membrane, the rays of both the 
primary radiation and of the cytasters meanwhile becoming 
much reduced and in some cases nearly disappearing. After 
a short pause this is followed by a redevelopment of the rays, 
and in typical cases the nuclear area (the center of the former 
primary radiation) has now formed two centers of radiation, 
producing a typical amphiaster. When no cytasters are present 
(a relatively rare case) cleavage may proceed nearly as in 
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normally fertilized eggs, but in many cases complete cyto- 
plasmic division does not occur until after two or more nuclear 
divisions. Thus arise some of the forms of multiple cleavage 
observed by Morgan and Loeb. If cytasters be present, one 
or more of them may participate in the nuclear division, thus 
forming triasters, tetrasters, etc.; but such eggs are probably 
incapable of producing an embryo. When the cytasters do 
not establish a connection with the chromosomes, they never- 
theless form, in many cases, ineffective centers of cytoplasmic 
division, 7.¢., cleavage furrows appear between them but after- 
wards fade out. Apparently strong evidence was, however, 
obtained that in some cases complete division may occur 
around asters unconnected with nuclear material. In any case 
the cytasters persist for some time and may progressively mul- 
tiply by division. The first division actually observed takes 
place nearly synchronously with that of the cleavage asters, 
at a time when the daughter-nuclei have been formed and are 
rapidly enlarging. Division of the asters is in both cases pre- 
ceded by a great reduction of the astral rays, leaving the clear 
hyaloplasmic central mass surrounded by only short irregular 
rays, and at the same time the aster migrates out towards 
the periphery of the egg. The mass then draws apart into 
two, and recrudescence of the rays from the two centers ensues. 
A discrepancy, not yet fully cleared up, lies in the fact that, 
although the cytasters divide synchronously with the cleavage 
asters, they have not been observed in the living eggs to divide 
at the time the dicentric nuclear figure is first formed ; but the 
study of sections indicates that this is probably owing to a gap 
in the observations. The cytasters ultimately disappear. 
Asters are formed also in enucleated fragments, obtained by 
shaking the unfertilized eggs into pieces, and such asters may 
also progressively divide, though no case was observed of 
cleavage, or even an attempt at cleavage, in such fragments. 
Sections show that all the asters, whether cytasters or nuclear 
asters, or those formed in enucleated fragments, contain cen- 
trosomes which have the typical staining capacity and granular 
structure observed in normally fertilized eggs. In the cytas- 
ters, however, they are usually smaller than in the nuclear 
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asters, and those in the enucleated fragments are smaller still 
and often not demonstrable. 

The observations indicate that the astral rays, whatever be 
their other functions, are in part an expression of centripetal 
currents of hyaloplasm (continuous or interalveolar substance), 
which lead to the formation of the perinuclear hyaloplasmic 
zone, and of the clear centers of the cytasters —a conclusion 
essentially in agreement with the early views of Fol. They 
show further that the asters (centrosomes) must be regarded 
as centers of cytoplasmic division, though not ordinarily effect- 
ive unless connected with nuclear material. They seem to 
leave no doubt, finally, of the formation de novo of functional 
asters and centrosomes, capable of division, and show that such 
formation may be entirely independent of the nucleus. 


XVI. METAMORPHOSIS IN THE HERMIT-CRAB. 
M. T. THOMPSON. 


In Eupagurus longicarpus only the first six larval stages are 
distinct: the four zoéas, the important glaucothoé, and the 
first of the adolescent stages. In the zoéas and the early part 
of the glaucothoé stage, the “livers” or midgut diverticula 
are cephalic and thoracic. There are two pairs of these; a 
pair of Lesser Lobes opening dorsally into the stomach, and 
a pair of somewhat-four-lobed Greater Lobes opening laterally 
into the stomach. 

During the glaucothoé stage, however, three of the divi- 
sions of the greater lobes become atrophied. The fourth or 
posterior division, at about the time of the second or third day 
in the shell, grows back into the abdomen. But the lobe of 
the right side of the body crosses under the intestine to the 
left, so that both lobes lie on the left of the intestine, which 
is thrown to the right. At this time the bladders of the 
Green Glands also migrate into the abdomen. Then the append- 
ages which will be lost become atrophied, and the body mus- 
culature alters to the adult type. So the glaucothoé, which was 
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at first Macruran, attains the Eupagurid structural plan before 
the moult to the sixth stage occurs. 

The duration of the glaucothoé stage is dependent on the 
time of entering the shell. Specimens which take the shell 
within the first twenty-four hours after the moult from the 
fourth zoéa, spend only four or more often five days in the 
stage. A delay of four days before the shell is taken pro- 
longs this period to sx or, in a few cases, to seven days. In 
fifty glaucothoé kept without any shells, some remained in the 
stage the minimum four days, but the majority remained szx 
and seven days, and one remained eight days. 

The sixth and following stages introduce no important 
changes in structure, except the branching of the liver. In 
this branching, however, the majority of the diverticula of the 
right lobe go to the right under the intestine, so that this lobe, 
in the adult, apparently lies on this, its own side, of the intes- 
tine. The lesser lobes branch later and finally form a small 
tuft of tubules on each side of the stomach. 


XVII. ESSENTIAL FACTORS IN THE REGEN- 
ERATION OF PLANARIA MACULATA. 


CHARLES RUSSELL BARDEEN. 


REGENERATION of a new whole individual from a small piece 
of a parent individual depends in Planaria maculata upon 
the presence in the piece of a part of the central nervous system 
and a part of the intestinal system. A small piece containing 
these parts will regenerate from them new typical intestinal and 
nervous systems. At the same time the parenchyma in the 
vicinity of the cut surface becomes increased in amount, and is 
symmetrically differentiated in relation to the new intestinal 
system. A head may thus be formed anterior to a new axial gut, 
and lateral and tail areas may be restored. Polarity of the piece 
is determined by the central nervous apparatus which it contains. 

A new pharynx is formed just posterior to the point where 
intestinal contents collect when the whole piece contracts. 








352 ABSTRACTS OF PAPERS. [VoL. II. 


The pharynx may be formed in a region of the piece at some 
distance from the cut surface. Head, lateral, and tail areas are 
differentiated only at a cut surface. 

The reproductive organs are not regenerated. Instead, they 
disappear from a small piece isolated from a sexually mature 
worm. The tail cut from a planarian in which the reproductive 
organs are developing will give rise to regenerative forces which 
overpower the forces giving rise to the sexual organs. Regen- 
eration is equally rapid in sexually mature and in sexually 
immature worms. 

In regeneration in this animal the tissues seem to be spe- 
cific, except that the new musculature probably comes from 
parenchyma cells. 

A full account of the Physiology of Regeneration in these 
animals is given in the American Journal of Physiology, 
Vol. V (1901), p. 1. 


XVIII. THE HISTOGENESIS OF THE PERIPHERAL 
NERVOUS SYSTEM IN SALMO SALAR.! 


ROSS GRANVILLE HARRISON. 


CELLs provided with pseudopodia-like processes wander out 
singly from the dorsal surface of the medullary cord, and 
collect together between the myotomes and the cord into 
small groups, the spinal ganglia. Here the cells remain for 
some time undifferentiated, but are transformed later into 
bipolar cells, of which the centripetal processes grow into 
the side of the medullary cord to form the dorsal roots. 

Neuroblasts may be distinguished at an early stage as round 
or polyhedral cells, lying in the outer zone of the cord. At 
this period the cord is made up chiefly of epithelial cells, the 
forerunner of the ependyma. These cells are still undifferen- 
tiated, no specialized “ Randschleier” being present. As the 
axones grow out from the neuroblasts, they bore their way 


1A full account of this work is published in the Archiv fiir mikroskopische 
Anatomie, January, 1901. 
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through the substance of the epithelial cells, which with the 
continued growth of new fibres become more and more honey- 
combed. Their outer zone is finally transformed into a fibrous 
framework, the “ Randschleter,’ which accordingly owes its 
structure to the activity of the growing nerve fibres, and is 
not pre-formed. 

The dorsal cells or giant cells of Rohon arise in the dorso- 
lateral portion of the cord next the outer limiting membrane. 
They elongate, and for the most part each cell gives rise to an 
ascending and a descending nerve fibre forming the beginning 
of the dorsal funiculi. Gradually the cells leave their origi- 
nal position and wander to the dorsal mid-line of the cord. 
Through this movement the cells become unipolar, remaining 
connected with their fibres by a slender process, which divides 
in T-fashion at the point where the longitudinal fibres begin. 
A large number of the cells form peripheral nerves also, which 


are segmentally arranged. The dorsal cells are homologous . 


with the “ Héistérsellen”’ found in Petromyzon, and with the 
bipolar cells of medium size in the cord of Amphiorus. They 
are to be regarded as a primitive type of sensory cell identical 
in function with the spinal ganglion cells, with which they are 
genetically related. 


XIX. THE SPERMATIC AND MESENTERIC 
ARTERIES OF DIDELPHYS VIRGINIANA 
(KERR, LINN). 


C. F. W. McCLURE. 


In mammals other than marsupials the anterior mesenteric 
artery supplies the small intestine and the proximal end of the 
large intestine. The posterior mesenteric artery is given off 
from the posterior division of the abdominal aorta, and supplies 
the large intestine. In a large number of mammals the internal 
spermatic arteries are given off from the aorta about midway 
between the renal and posterior mesenteric arteries. 

In Didelphys and other marsupials, so far as known to the 
writer, the anterior mesenteric artery supplies both the small and 
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large intestines. In Didel/phys and other marsupials the pos- 
terior mesenteric artery 7s not present. Also in Didelphys and 
other marsupials the internal spermatic arteries are given off 
from the posterior division of the aorta, and at a point which 
coincides with the point of origin of the posterior mesenteric 
artery in other mammals. 

In an adult Didelphys killed during the breeding season the 
writer found present two pairs of functional internal spermatic 
arteries. The anterior pair was given off from the aorta about 
midway between the renal and posterior pair of internal sper- 
matic arteries. The posterior pair, the so-called internal sper- 
matic arteries of marsupials, was given off from the aorta in 
the usual manner, as mentioned above. More recently the 
writer has found another adult female Dide/phys, in which, in 
addition to two pairs of internal spermatic arteries, a large 
posterior mesenteric artery was present. 

In this individual the posterior mesenteric artery arose 
from the aorta as a single vessel, and at a point which coin- 
cided with the origin of this vessel in other mammals. On 
arising from the aorta the vessel passed ventrad through a 
foramen in the vena cava, and was distributed to the large 
intestine. The anterior mesenteric artery in this individual 
supplied the small intestine and the proximal portion of the 
large intestine. 

The relations of the spermatic arteries were as follows: 

The anterior pair of internal spermatic arteries arose from 
the aorta, and was distributed to the ovaries as in the above- 
mentioned case. These arteries appear to be the homologues 
of those spermatic arteries which in many other mammals 
arise from the aorta about midway between the renal and 
posterior mesenteric arteries. The posterior pair of internal 
spermatic arteries in this opossum were branches of the posterior 
mesenteric artery, and were given off from this vessel near its 
point of origin at the aorta. 

It appears to the writer as though in the marsupials, as the 
result of an arrested development of the original internal 
spermatic and the posterior mesenteric arteries, a new collat- 
eral circulation has been established to the genital organs 
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and large intestine. The collateral circulation to the large 
intestine has apparently been established through the anterior 
mesenteric artery; that to the ovaries, through vessels which 
may have been formed as the result of a modification of the 
posterior mesenteric artery. 


XX. SOME FACTS CONCERNING REGENERATION 
AND REGULATION IN RENILLA. 


H. B. TORREY. 


DurinG the past summer experiments were carried on at 
Beaufort, North Carolina, preliminary to a more complete 
investigation of the processes of regeneration and regulation 
in Renilla. It was hoped that Renzl/a, being a polymorphic 
colonial form,—an aggregate of polyps and zodtds, — would 
behave like a simple metazoan individual, and at the same 
time offer surer landmarks, during regulative processes, than 
a metazoan individual—amn aggregate of cells; for changes 
in polyps as a whole may be perceived more clearly than 
changes in their component cells. 

The results may be summarized as follows: 

1. Renilla colonies may regenerate lost parts readily. 

2. They exhibit a strong polarity. When a peduncle is 
removed by a transverse cut an axial polyp is never regen- 
erated in its place, and vice versa. 

3. There is an anterior limit beyond which anterior pieces 
do not regenerate posteriorly, and a posterior limit beyond 
which posterior pieces do not regenerate anteriorly. These 
correspond to the limits of the budding zone. 

4. The colonies regulate themselves in a plastic fashion 
when cut in certain ways, obliquely, for instance. It is thus 
possible to obtain two new colonies, one of which retains the 
original peduncle with a lateral polyp displaced into the posi- 
tion formerly occupied by the axial polyp. Whether or not 
the colony develops symmetrically around this new axis is 
not known. 
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If the oblique cut makes with the colonial axis an angle 
larger than forty-five degrees, there is no displacement of the 
lateral polyp, the extirpated axial polyp regenerating as though 
it alone had been removed by a transverse cut. 

5. When a lateral group of polyps is removed by a longi- 
tudinal cut, it regenerates a new peduncle approximately at a 
right angle to the cut surface, and approximately in the axis 
of the chief lateral polyp of the group. The future of such 
pieces is unknown. This is a case of heteromorphosis. 


XXI. SOME POINTS IN THE BRAIN OF 
LOWER VERTEBRATES. 


J. B. JOHNSTON. 


THE central olfactory apparatus of Petromyzon presents, in 
all important features, an extraordinary resemblance to that 
of Acipenser. In Petromyzon, on account of the great buccal 
apparatus, there has occurred a sort of telescoping of the olfac- 
tory lobes and areas upon the striatum and thalamus as fixed 
points. The so-called cortex, described by Friedrich Mayer, 
is nothing else than the epistriatum. 

The cells of the olfactory lobe present more primitive char- 
acters in Petromyson than in Acipenser. The mitral cells are 
only slightly differentiated, while the stellate and other cells 
are very numerous and send their neurites, along with those 
of the mitral cells, to the olfactory nuclei of the fore-brain. 
Similar categories of cells have been described in Amphibia 
(P. R. Cajal) and reptiles (Edinger’s ‘‘ Lobuscortex’’), although 
differently interpreted. The numerous, slightly differentiated 
cells in the olfactory lobe of Petromyzon and Acipenser 
represent the material from which the highly differentiated 
elements of the olfactory lobe of higher vertebrates have 
been developed. 

Several authors have pointed out the close connection 
between the cerebellum and acusticum in fishes. The study 
of the minute structure shows that the cerebellum is derived 
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directly from the front end of the acusticum. Evidence for 
this from Acipenser : 

a. Gross continuity of cerebellum and acusticum. 

6. The root fibres of the fifth, eighth, and lateral line nerves 
enter and end in both. 

c. The several categories of types of cells in the cerebellum 
— Purkinje cells, granules, and cells of the second type — are 
strictly homologous with similar cells found in the acusticum. 

d. The development of the Purkinje cells in the acusti- 
cum from the typical large cells of that nucleus is in actual 
progress and may be studied in all its stages. 

Additional evidence in Petromyzon : 

a. The Purkinje cells in the cerebellum are not well devel- 
oped, and their neurites run to the base of the mid-brain, 
possibly having the same destination as the internal arcuate 
fibres from the acusticum. 

6. The tractus tecto-cerebellaris seems to be absent and the 
tractus lobo-cerebellaris is small. 

c. The cerebellum is little more than a dorsal arch and 
commissure from the front end of the acusticum. 


XXII. ASEXUAL REPRODUCTION OF PLANARIA 
MACULATA. 


WINTERTON C. CURTIS. 


Tue fission of P/anaria maculata, while it does not differ 
essentially from the type found in other planarians where fis- 
sion occurs, is of just the right sort to complete a very interest- 
ing series and connect the fission of land planarians, which 
is hardly more than a fragmentation, with the fission of 
Planaria fissipara, in which the organs are completely formed 
before the new individuals separate. This series is as follows: 
(1) Land planarians, in which pieces of varying lengths are 
pinched off from the posterior end; (2) Planaria maculata, 
which divides always at the same place behind the pharynx, 
with no preformation of organs; (3) Planaria subtentacula 
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(Zacharias, Zeit. f. Wiss. Zool., 1886, Bd. XLIII, pp. 271-275), 
where there is some rearrangement of the gut and the pharynx 
is partly developed before separation; (4) Planaria fissipara 
(Kennel, Zool. Jahrb., Abth. f. Anat. u. Ontog., 1888, Bd. III, 
pp. 447-486), in which a complete worm is developed out of 
the posterior third of a large specimen and both reach normal 
proportions before separation. In the last three cases the 
division occurs at a corresponding place. 

The division in Planaria maculata seems to be brought 
about by a contraction of the circular muscles, which pinches 
the individual in two a short distance behind the pharynx. 
The cut ends of either piece are as though they had been 
produced by a knife-cut, and examination of sections shows 
that the parenchyma at the scar is actually naked. There is 
nothing like a furrow on the outside previous to the division, 
which, nevertheless, is a regular and normal reproductive 
process and not induced by any ordinary irritation or mutila- 
tion of the animals. The large number of pieces in various 
stages of regeneration, found in collecting, is sufficient evidence 
of the occurrence of the fission under natural conditions. 

Worms will not divide in the laboratory to any considerable 
extent unless well fed. If the water has become foul and is 
replaced by fresh, a considerable number of specimens will 
usually be found divided within the next twelve hours. The 
division usually occurs at night, whether the dishes are shaded 
or not. The morpholaxis of the head and tail pieces resulting 
from a division is rapid. Tail pieces may reach almost the 
normal proportions and re-divide in from five to six days if 
well fed, heads in not less than ten days. There is no regular 
interval between the divisions. 

In certain localities this species does not possess reproduc- 
tive organs at any time during the year, but has during the 
summer months an active period of asexual multiplication. 
In other localities the worms develop these organs in the fall 
and lay eggs in the spring; and although all the specimens are 
without these organs at the end of the summer, asexual repro- 
duction has never been observed. In another sexual locality 
the worms, when they are without reproductive organs at the 
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end of the summer, do reproduce asexually to a considerable 
extent. Later this ceases and the reproductive organs develop. 
These statements are based upon observations extending over 
from two to three years. 

A possible explanation is that the asexual reproduction may 
be substituted for the sexual in certain localities during con- 
siderable periods, but further data are necessary to confirm 
this. 


XXIII. VARIATION AMONG HYDROMEDUSAE. 


CHARLES W. HARGITT. 


OBSERVATIONS upon variations among the Hydromedusae 
seem to have been of comparatively limited extent. Refer- 
ences to the subject are to be found in the writings of Ehren- 
berg, Forbes, Agassiz, Hincks, Romanes, and later by Agassiz 
and Woodworth, but except in the last-named paper they are 
rather incidental and fragmentary. 

Of my own observations only the barest abstract and sum- 
mary can be undertaken in this connection. 

Among the genera studied the principal have been as 
follows: Pennaria, Eucope, Obelia, Margelis, Gonionemus, 
Nemopsis,, Rhegmatodes. 

The principal organs examined were: (1) The Chymiferous 
Canals, (2) Tentacles, (3) Gonads, (4) Otocysts. Among these 
the greatest range of variation was noted in the tentacles, as 
might naturally be expected, in some cases reaching as high as 
go percent. In the forking and doubling of tentacles there 
was least, rarely exceeding 5 per cent, and indeed seldom 
reaching that ratio; in Gontonemus 3 per cent. 

In the looping, branching, and anastomosing of chymiferous 
canals there was great variation in different genera, in some 
being almost xz/, while in others (Eucope and Gontonemus) 
varying from 5 to 10 per cent. 

Considerable variation was found in the gonads, though less 
than in the other organs already noted, varying in different 
genera from 2 to 5 per cent. While considerable variation 
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was evident in the number, arrangement and correlation of 
the otocysts, no attempt has been made to ascertain the exact 
ratio, owing to the difficulty attending this determination in 
preserved specimens. 

The following summary will express in a general way some 
of the more evident conclusions reached : 

1. Variation among Hydromedusae is of wider extent than 
had been suspected. 

2. It is much greater in some genera than in others. 

3. It seems to be much less symmetrical and correlated 
than among Scyphomedusae. 

4. Many phases of variation appear to be wholly devoid 
of correlative and adaptive aspects. 


XXIV. EXPERIMENTS ON MODIFYING THE 
NORMAL PROPORTION OF THE SEXES 
IN THE DOMESTIC FOWL. 


GEORGE WILTON FIELD. 


Tuis is a brief report on a series of experimental attempts 
to ascertain the factors which determine sex. 

The normal proportion given by Darwin from observation of 
1001 chicks during eight years was 94.7 males to every 100 
females. From 2105 chicks during two years, we found the 
proportion to be 80.6 males to every 100 females. 

These figures lead us to query whether the normal propor- 
tion may not have changed during the past forty years as a 
result of the breeders’ desire to produce a larger proportion 
of females. 

In the experiments attempts were made to isolate the factors 
so that the effects of each could be observed: 

1. Absolute age of parents : 


9 young females mated to male of same age. 
9 old ‘“ ‘“ “ “ “ “ “ 


2. Relative age of parents : 
9 old females mated to young male. 
g young ‘s “ «“ old “ 
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The proportion practically coincided with the normal except 
in the case of young females mated to old male, where a slight 
increase in the number of males appears. 


3. Malnutrition (a result of feeding to one-half usual amount): a very 
marked increase in number of males; rate of 176.6 males to every 
100 females. 

4. Scarcity of males, z.2., polygamy: 20 females mated to 1 male, a 
marked increase in number of males; 139.6 males to every 100 females. 

5. Conditions connected with time of year: 650 chicks hatched between 
March 15 and May 15 gave a smaller proportion of males, — 73.9 males to 
every 100 females; while 471 chicks hatched between May 15 and July 15 
gave a larger proportion of males, — 88.4 males to every 100 females. 


It is to be understood that these figures are for a relatively 
small number of cases; it is hoped to extend them to at least 
10,000 individuals. 


XXV. NOTES ON VARIATION IN THE 
SHELLS OF PURPURA LAPILLUS. 


R. P. BIGELOW anv H. S. CONANT. 


Purpura lapillus is a species that presents great variations 
in its diagnostic characters. It was thought, therefore, that a 
study of its variations by statistical methods might be of value 
in defining more exactly the limits of the species, and might 
also bring to light facts of general biological interest. Collec- 
tions were made at Prince’s Cove and on the mainland opposite 
Clark’s Ledge, Eastport, at Kennebunk Beach, at Bass Rocks, 
Gloucester, and at Newport. The sexes were separated for 
each locality, and the following characters were measured : 

(1) Angle of the apex and nuclear whorls, or nuclear angle ; 
(2) angle of the apex and the last whorl, or adult angle; (3) total 
length; and (4) length of spire from the apex to the poste- 
rior margin of the opening of the shell. Record was made 
also of the presence of (5) imbrications, (6) sutures, (7) ribs, 
(8) teeth, (9) of the curvature of the columella, and (10) of the 
weight. Perhaps the most obvious variations are in the color 
and the thickness of the shell, but no satisfactory method was 
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found for measuring these quantities. A special instrument is 
being constructed which, it is hoped, will overcome the difficulty 
in regard to thickness. 

A preliminary study of the shells from Eastport and Glouces- 
ter shows that for characters (1) to (4) the variations may be 
represented by curves that are approximately normal. The 
curves for the two stations at Eastport fit together pretty 
closely; while they differ distinctly from the curves for the 
Gloucester specimens, the difference of the means being 
greater than the standard deviation for each locality. In 
each case the female shells showed, on the average, a wider 
angle and a shorter spire expressed in per cent of total length, 
than the corresponding males, and the same is true for the 
Gloucester shells as a whole compared with the Eastport 
shells. 

As a measure of variability the coefficient of variation 


Cc ° a 
cv. = 100 — } gives contradictory results and appears not to 
m 


be applicable to measurements expressed in degrees of a circle. 
Judging from the standard deviations, the shells from Gloucester 
are somewhat more variable than those from Eastport. The 
relative variability of the males and females differs for the 
different characters, and for the same characters in different 
localities. In general, the females appear to be slightly more 
variable than the males. 


XXVI. VARIATION AND ELIMINATION IN 
PHILOSAMIA CYNTHIA. 


HENRY E. CRAMPTON. 


Some of the results were presented of a statistical study in 
the case of a large Saturnid moth, P. cynthia, of the variability 
of eliminated and surviving pupae and imagines. From a lot 
of nearly 1100 cocoons, only 310 living pupae were obtained ; 
632 contained dead pupae ; while the remainder were shriveled 
or otherwise abnormal larvae or pupae. The living pupae were 
compared with an equal number of dead pupae with reference 
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to certain body characters: length, length of bust (to fifth 
abdominal segment), width and depth of bust, frontal stature of 
bust (ratio of middle to length), and sagittal stature of bust (ratio 
of depth to length). In addition the length, width, and stature 
of a typical organ, the left antenna, were determined. From 
a tabulation of certain bases of comparison — mean, standard 
deviation, coefficient of variability — it appeared : (1) That elimi- 
nated male pupae were on the whole more variable than the 
surviving males, and that the surviving females were far less 
variable than the dead ones. (2) Only 180 of the 310 living 
pupae produced perfect moths. The perfect male moths were 
from pupae. which were far less variable than the others. This 
condition was reversed in the case of the females, yet the sur- 
viving females, though more variable than the eliminated ones, 
were not as variable as the eliminated female pupae. (3) The 
males of all groups were more variable than the females. 


XXVII. THE ORIGIN OF TENTACLES 
IN GONIONEMUS. 


H. F. PERKINS. 


SomE interesting data have been secured from the study of 
the origin of tentacles in Gontonemus, a common Woods Holl 
hydromedusa. Specimens 4 mm. in diameter having from 8 
to 16 tentacles are found in early summer, and in examining 
these it was seen that there existed a definite relative position 
of the tentacles and sense organs. 

Two pairs of tentacles, the radial ones, are of equal size. 
The other tentacles and sense organs are regularly graded 
from large to small, so that it is possible to determine their 
order of origin. 

Looking at the marginal ring from below, in a normal 
medusa, each newly formed tentacle is seen to lie next to a 
sense organ and to precede it, as the hands of a watch move. 
Fig. 1 shows a typical 8-tentacled medusa. Tentacles I and 
II are radial in position; III follows I in the direction of the 
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hands of a watch; IV follows II, and the two pairs of sense 
organs, 1 and 2, lie as if the cells that were to form them 
had been crowded along to the right by the newly formed 
tentacles. 

In an older specimen (Fig. 2) the successive pairs of tenta- 
cles and sense organs have arisen in corresponding positions, 
as is indicated by the numbers on the diagram. The origin 


Fic. 1. 
of tentacles and sense organs would seem then to be governed 
by an attempt at radial symmetry which is constantly inter- 
fered with by this sequence of formation from left to right, 
along the bell-margin. 

In full-grown medusae there appears a striking conformity 
to this rule, with fewer exceptions than would be expected 
from the frequency of other variations in all parts of the 
creature. 
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The comparison of other and allied forms, with this rule in 
mind, may bring to light some interesting facts bearing on the 
correspondence of parts and on radial and bilateral symmetry. 
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